





NUCLEONICS 


The advent of nuclear electric power is heralded by this handwriting on a wa iiding housing the Experimental Breeder 


Reactor at the U. S. Atomic Energy Commission's reactor testing station at Arco, Idaho. For complete details, see page 72 
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.. . with a chamber 
for YOUR application 


For twenty years, the Condenser r-meter with 
modifications and refinements has been accepted 
as a secondary standard for accurate measurement 
of x-radiation. 


It is available for use with a number of chamber 
values to cover a wide range of x-ray intensities. 
Stable and dependable—an essential instrument in 
every radiation laboratory, clinic and hospital. 
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Name your needs in terminal boards 


--- we'll 


The rigid specifications of govern- 
ment agencies and the armed forces 
need pose no problem to you. C.T.C. 
is in an excellent position to handle 
government sub-contracts for elec- 
tronic parts and assemblies. 

Our Custom Engineering Service 
is constantly supplying special ter- 
minal boards to the top names in 
electronics. These boards are built 
to severe government specifications, 
are fabricated of certified materials 
to fit the job. Among the specifica- 
tions involved are: MIL-P-3115A, 
MIL-P-15037, MIL-P-15035A, 
MIL-P-15047, MIL-P-997A. 

Boards can be made of cloth, 
paper, nylon or glass laminates 
(phenolic, melamine or silicone 
resin), and can be lacquered or 
varnished to specifications: JAN- 


C-173 and JAN-T-152. Lettering 


meet them accurately 


and numbering is done by rubber 
stamping, silk screening, hot stamp- 
ing, engraving. Inks used in rubber 
stamping contain anti-fungus and 
fluorescent additives. 

Terminals, feed-throughs, mount- 
ing hardware and all other terminal 
board fixtures meet all applicable 
government specifications. 

Standard “All Set’ Boards, 
scribed for easy separation, for the 
assembly line and laboratory are 


CAMBRIDGE 


available in cotton fabric phenolic 
per specification MIL-P-15035A and 
in nylon phenolic per MIL-P- 
15047A. 

For complete information write: 
Cambridge Thermionic Corpora- 
tion, 467 Concord Avenue, Cam- 
bridge 38, Mass. West Coast manu- 
facturers, contact: E. V. Roberts, 
5014 Venice Blvd., Los Angeles, or 
988 Market Street., 

San Francisco, Cal. 


THERMIONIC 
CORPORATION 


, 
Ry, fA 


custom or standard... the guaranteed components 


See us at Booth 287, IRE Show 
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FOR ‘‘HOT-LAB” 
ACCESSORIES 


MODEL LSC SAMPLE TEST CHAMBER 


Iwo inches of lead actually enclose each sample when 
drawer is closed. Samples are held directly under the 
mica-end window GM tube. Four sample positions in 
sliding drawer arrangement permit rapid and easy ac 
cess, and allow making change of geometry. Pric« 
$225.00, F.O.B., Philadelphia. Write for Bulletin #LS(¢ 


MODEL LCC STORAGE & TRANSPORT CHAMBER 


Particularly useful for carrying small amounts of radio 
ictivity. A sturdy outer steel shell prevents dents. Entire 
nner shell is lead one inch thick. Inside storage compart 
ment measures nches in diame‘er and 3 inches in depth 
Overall diameter t inches--Height 5 inches--Weight 
’2 pounds. Price $35.00 F.O.B., Philadelphia 


nee apes PREFLUSH FLOW GAS COUNTER 


Comp Vv Se nta d unit with gear driven platform 


eleva samp latfor hree position rotating sample 
holder with ad, preflush and count positions. Built-i 
vas intake valve, and two built-in bubblers with window 
cut-outs for servation. Price $285.00. Write for Bul 


letin #FGC 


MODEL DMS, DIRECTIONAL LEAD SHIELD 


Improves directional characteristics and lowers back 
ground count of mica end window tubes. Accommodates 
t pin base mica end window GM tubes. A U-Shaped 
bracket permits mounting in almost any direction. Tube 
surrounded by ead which is protected by an 
outer steel jacke i oot coaxial cable is included 
other length e available. Price $35.00 F.O.B 
Philadelphia 


MODEL RHD REMOTE HANDLING DEVICE 

\ self-locku rrangement holds c« 

ually released. The verall length is 35 inches, Quick 
adaptability to hold containers from 46 to 5 inches in 


miamers until man 


diameter makes this device a versatile lab instrument 
ontamination, A stand is avaal 


Rapid disassembly for de 
rice P.O’ Philadelphia. Write for 























Interchangeability 
Directory 


Send for this valu- 
able guide to the 
selection of proper 
RCA tube type re- 
placements. Lists 
1600 type desig- 
nations, covering 
non-receiving 
electron tubes. 
Write for your 
FREE copy of RCA 
Guide No. 37-046. 


> 


Allied Radio 


ee 


YOUR COMPLETE SUPPLY SOURCE FoR 


RCA 


ELECTRON TUBES* 
FOR INDUSTRY 


Quick Service on All Types 


ALLIED maintainsinconstant 
stock for quick shipment, the 
world’s largest distributorin- 
ventory of RCA special-pur- 
pose tubes—of all types. We 
specialize in supplying the 
tube needs of industrial, 
broadcast, governmental and 
other users. Phone, wire or 
write—we ship from stock to 
any part of the nation within 
hours after we receive your 
order. Save time, effort and 
money —fill all your tube 
needs at ALLIED—the com- 
plete, dependable electronic 
supply source for industry. 





%K RCA-8008 Rectifier 
(illustrated). We stock the full 
line of famous RCA mercury- 
vapor rectifiers, including such 
well-known types as the 575-A, 
673, 816, 857-B, 866-A, 869-B, 
872-A, and 5558. 

Look to ALLIED for RCA: 
@ Vacuum Power Tubes 
© Thyrotrons 
© Cold-Cathode Tubes 
© Oscillograph Tubes 
© Vacuum & Gas Rectifiers 
© Ignitrons © Phototubes 
®@ Camera Tubes © Monoscopes 


RCA tist 


INSTRUMENTS* 


For All Lab Requirements 


Look to ALLIED for prompt 
service. Order your RCA 
laboratory measurement 
instruments from our ex- 
tensive stocks. We spe- 
cialize in the supply of 
electronic test and mea- 
surement equipment for 
research and development 
requirements, as well as 
for maintenance and pro- 
duction operations. Sim- 
plify and speed your pur- 
chasing—send us your 
consolidated orders for 
RCA Tubes and Test In- 
struments—have the ad- 
vantages of quick, expert 
shipment from the world’s 
largest stocks of Elec- 
tronic Supplies for In- 
dustry. 


We can supply for quick ship- 
ment, all types of RCA test in- 
struments, including the follow- 
ing well-known lab measure- 
ment equipment: 


e WO-56A 7" Oscilloscope 

© WO-79B 3” Oscilloscope 

© WO-57B 3” Oscilloscope 

© 715-B 5"’ Lab Oscilloscope 

© WV-84A DC Microammetes 

© WR-39C TV Marker Generator 
© WR-59B TV Sweep Generator 


INDUSTRIAL TUBES 
& TEST EQUIPMENT 


*WV-97A 
Senior VoltOhmyst 
(IMlustroted) 


Improved RCA VTVM. 
Direct peak-to-peak meas- 
urement of complex waves 
from 0.2 volts to 2000 volts. 
Overall dc measurement ac 
curacy of +3°% full scale 
Measures dc voltages 0.02 
1500 volts; rms values of 
sine wave from 0.1-1500 
volts. Frequency response 
flat from 30 cps to 3 m« 
No. 84-075. 
Net 


WV-77A Junior VoltOhmyst 


A quality VTVM at a new 
low price. Five ranges each 
for dc, ac and resistance. 
Measures dc from 0.05- 
1200 volts; ac from 0.1-1200 
volts rms; resistance from 
0.2-1 billion ohms, Over- 
all accuracy +3% for de 
measurements. Frequency 
response flat from 30 cps 


to 3 me 

No. 84-087. Net .. $4750 

For detailed description, see 
Your ALLIED Catalog 














FREE 1952 ALLIED CATALOG 
COMPLETE 212-pace BUYING GUIDE 


Send today for the new 1952 

Catalog—the authoritative buyi 

plies. ALLIED offers the world's 

Parts, test instruments, audi i 

. ‘ ° 10 equipment—compl 

ines of electronic “pparatus. Save time, ateitene 
y— 


send your consolidated 
orders t i 
able electronic Supply ian. Cece a 


complete 212-page ALLIED 
"g guide to all electronic sup- 
largest stocks of special tubes, 


ALLIED 
RADIO 


833 W. Jackson Bivd., Dept, 57-B-2 
Chicago 7, Illinois 


EVERY 
THING IN ELECTRONICS FROm ONE RELIABLE source 
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taking a helicopter’s pulse — 


to avoid future trouble 











Helicopters, especially those of radical 

design, pose many flight-test measurement Control positions, rotor RPM, blade pitch, 

problems. To gather complete data of their new blade and supporting-arm strains, accelerations 
MC-4, McCulloch Motors, Aircraft Division, —all were recorded simultaneously 

installed a Consolidated 5-114 Recording in exact relationship to one another giving 

Oscillograph and Bridge Balance the engineers a complete, permanently recorded 
alongside the pilot to record as many as 18 picture of overall performance during 
data channels s#multaneously. _every possible flight maneuver 


consolidated 


recording oscillograph | consolidated engineering 
The 5-114 Recording Oscillograph is used for corporation 


multichannel testing of hundreds of widely vary- Analytical Instruments for Science and Industry 
ing products from trains to rocket-propelled . 

- P ape 300 No. Sierra Madre Villa 

planes, from small valves to entire oil-drilling 
derricks. Write for Bulletin CEC-1500 Pasadena 8, California 
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THE BROWN 
ELECTROMETER 


Brown Electrometer 
shou ing rec order 
with door ajar and 


preamplifier at left 


for measuring and recording 


currents as low as 10°° amperes 


Electrical Characteristics 


Ranges Available 

ohm resistor 

h adjustment for full 
10°'' amperes. Using 
full scale current ranges 
‘ an be supplied with 
selecto witch adjustment up to 10 


} ca ( 


imperes 
Input Resistor: 10'' ohms for most 
Sensitive current measurement Also 


supplied in values down to 105 ohms. 


System Accuracy: Approximately 1 per 


cent of scak 

Zero Drift: Should not exceed 0.3 
millivolt per day 

System Noise 
volts 


Approximately 5 micro- 


nstrument Speed of Response: Avail- 
ible for either 24, 12, or 4% seconds 
full scale 

Maximum Speed of Response Using 4¢ 
Second Instrument Speed: 5 seconds for 
90 per cent of change, with preamplifier 
located at source 

Power Supply: 115 volts, 60 cycles. 
Also dry cell supplied in instrument 


Power Requirements: 65 watts. 


Mid 











po measurement of extremely small currents is 
accomplished in this instrument through the use of a null 
balance servo system and a-c amplifiers that prevent drift 
and consequent instability. It is the only such system that 
incorporates a recorder as an integral part of the circuit 
Designed to measure and record minute currents in ioniza- 
tion chambers, the Brown Electrometer may be used in 
any application where currents as low as a billionth of a 
microampere are encountered. 

Features of the instrument include a special power supply 
to prevent false measurements from stray signals which 
“might originate in an a-c power source . . . vibration fre- 
quency carefully selected to prevent phase shift . . . and 
automatic standardization of voltage across the slide-wire. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 
Division, 4571 Wayne Ave., Philadelphia 44, Pa. 


Honeywell 


Fiat in Couitiols. 


wom rm, 


@ Important Reference Data 
Write for Data Sheet No. 10.0-4 and for Bulletin No. 15-14. For valuable information on analytical and research instrumentation 
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Three New Products Developed by 
LABORATORY for ELECTRONICS, INC. 


The LFE Model 401 Oscilloscope 
is a high gain, wide band, versatile 
general purpose instrument capa- 
" ble of quantitative measurements 
of high and low speed electrical 
phenomena. It is perfectly suited 
for the precise examination of 
pulse wave-forms and transient 
phenomena, in addition to custom- 
ary oscilloscope applications. 





OUTSTANDING FEATURES 

e High sensitivity 
e Excellent transient response 
e Triggered and recurrent linear sweeps 
e Continuously adjustable precision 

sweep delay 
e Signal input line terminations tie. H Model 401 OSCILLOSCOPE 
@ Functionally grouped and colored con- . 

trol knobs 








MERCURY DELAY LINES 

LFE Mercury Delay Lines meet severe military requirements 
and are precision built under controlled conditions. Used for 
storage ox information, comparison of two sets of information, 
correlations and sequential timing devices, they are the small- 
est, most compact lines available. Currently recognized as a 
foremost supplier of mercury delay lines, LFE furnishes a wide 
range of delays and assures quick delivery. 


Model 101 MAGNETOMETER 

The Pound Magnetometer is a device for accurately measuring 
magnetic field strength using the principle of nuclear reso- 
nance. Accuracy of measurement is limited only by the accuracy 
of the frequency measuring equipment. Because of its simplic- 
ity, accuracy and wide range, the Model 101 Magnetometer is 
ideal for engineering and research organizations working 
with magnetism. 


See these three neu products demonstrated at the 


New York, I. R. E. Show, fourth floor, booth 461 








43 LEON STREET BosTON 15, MASS. 
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A\ 
AS 


AREA HEALTH MONITOR RECORDING STRAY RADIATION IN RADIATION LABORATORY. MONITOR PROVIDES INTEGRATED RECORD OF RADIATION 


Area Health Monitor Safeguards Plant Personnel 


Wherever radi ds exist, whether in labora The air-equivalent ionization chamber, pictured 
tories, atomic rgy ants, hospitals or city areas, below, is the detector for the health monitor. It is 
this G-E moni i essential safety and civilian available separately for use as a primary detector of 
defense instrun beta, gamma, and x-radiation 


t pr nts a ‘ irate I é recor F ate : “/_—" ‘ , c 
It presents an act urate, permanent record of beta, For more information on G-E radiation instruments, 


et ee radiation in the area. Recording write for Bulletin GEA-5735, Section 605-12, General 
instantaneous radiatic in milliroentgens-per-hour, the Electric Company, Schenectady, N. Y. 
monitor actua alarm if industrial tolerance rate 
or total weekly ler is exceeded 
Integrated recor: ss are made of the radiation that 
is present in th 1 during each fifteen-minute interval 


throughout 


THIRTY-DAY CHART mak perma! COMPACT, HIGHLY-SENSITIVE ioniz 


f radjat 


with d-c amplifier is j y dete 
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Power, Incidentally 


—— energy continues to make history. Each 
new “‘first’’ scored in this field winds up in the 
front-page headlines. But, as always, these ‘‘firsts”’ 
are either things military or are byproducts of 


military work 


It is in this last category that the two historic 
the British 
use of one of their reactors to heat a building and 
the U 


events of the past several months fall 


S. hitching of some electrical equipment onto 


a reactor 


We do not mean to imply that byproduct devel- 


opments are unimportant. Some of our most 
significant technological advances have stemmed 


from other work 


However, these two events are important pri- 
marily as symbols of what will come in the future, 
symbols of the practical and 


W hic h 


represent a target tor the world to shoot at 


benefits 
They 


peaceful 


ean be derived from atomic energy 


\fter the bombs were dropped on Hiroshima and 
Nagasaki, there was a wide public reaction of fear, 
No one 
knew what to think the impact of this new force 


awe and confusion about atomic energy 


vould be on the world of the future 


Ww" vast areas of the world technologically 
inderdeveloped and with gloomy forecasts 
about future availability of sources of energy, many 
dreamed about unlimited numbers of conveniently 
located More 


evaluations of the problems involved have long since 


nuclear powel! plants. seriou 


shattered these dreams. Some evaluations are 


optimistic ; others are very pessimist 


fact remains that we are not yet in a 
ffer an answer to the question We 
have an operating nuclear power plant, 
for the purpose of producing power and 


omic considerations in mind 


The Idaho reactor which was used to develop a 
token amount of electricity was designed primarily 
to test the theory of breeding fissionable fuel from 
nonfissionable uranium. Because this reactor oper- 
ates with ‘“‘fast’”’ or high-énergy neutrons, one of 
technological problems associated 
with it has been the need to remove a large amount 


Liquid 


the principal 


of heat from a very small reacting core. 
metals have been hailed as a heat-transfer medium 
which could do this. The experimental breeder 
reactor is now the first operating reactor to use a 


molten metal in this way 


The heat produced by the reactor was used to 
generate electricity However, this power genera- 
tion phase is incidental and is being carried out to 
secure experimental information on the handling 
of liquid metals at high temperatures under radio- 
active conditions and to get information on the 


extraction of heat from a reactor 


sone is no doubt but that this experience will 
prove useful for future work on nuclear power 
plants. Similarly, information being accumulated 
in connection with the submarine reactors under 


construction will be valuable 


But this is basically all part of a concentrated 
We are now at the point 
Hafstad, director of 


short-range program 
where, in the words of L. R 
\EC’s reactor development division, ‘we shall 
have to decide what the big reactors are going to 
be in the next chapter of the reactor program.” 


We must get started on a power program to 
parallel the military effort Although we can’t 
predict now what it will be, reactors are sure to 
play an important part in our future. According 
to Dr. Hafstad, ‘“‘even if direct competition |with 
other sources of power] is not reached, it may be 
that there will be a reactor industry anyway just 


JDL 


for its peculiar advantages.” 








] 
. 
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CLASS at the Oak Ridge School of Reactor Technology performing neutron-scattering experiments using neutron counters, linear amplifiers, 


and scalers. This is one of the rooms in ORSORT's new student laboratory building that houses an exponential reactor for student use 


WANTED: 


Reactor Engineers 


A serious problem in carrying out present and projected expansions of 

this country’s atomic-energy program is the shortage of competent 

reactor engineers. To help lick this problem, AEC set up 

the Oak Ridge School for Reactor Technology (ORSORT). Industry has already 
hired some of the school's graduates and is sending more of its 

engineers there. NUCLEONICS questioned the companies involved 

to find out why they sent men to the school, what they thought they 


were going to get out of it, and what jobs the men were put at 


when they returned. The answers to these questions are inspiring. 
February, 1952 - NUCLEONICS 
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NEXT SEPTEMBER the Oak Ridge School 
of Reactor Technology (ORSORT) will 
start its third formal session of spe- 
cialized training for selected engineers 
ind scientists. These men, when they 


graduate a year later, will have the 
know-how needed to design and operate 
+ nuclear reactor 

In 1950, to strengthen the nation’s 
reactor program and the role of indus- 
try in it, the Atomic Energy Commis- 
sion established ORSORT and invited 
industry to send experienced engineers 
to the AEC 


thereby provided a unique way for a 


school for training. 
company, which did not necessarily 
have previous access to classified in- 
formation on reactors, to get a detailed 
iew of the field of reactor technology 

t view it could, for example, put to 
use in future industrial planning 

The first 


Septen ber 


one-year 
1950, 


formal course 


with 46 


course 


began 1 
students \ 
~arlier, had IS trainees At 


these 64 alumni 


brief pilot given 
present 
are employed by 13 
agencies and 29 industries 
tomic-energy research or 
1951-52 


ompleted until next 


enrollment of 67 
nrollment, 3S are 
Oak 


which 


studet mploye f the Ridge 
National Lal 
ORSORT for the 


Carbon Ch 


orators 
ARC tl 


emicals Company 


operates 


rough Car- 


Industry's Opinions 


To get a clear what 


picture of 
ORSORT is doing, Nuc Leonics asked 
the companies that hired graduates, or 

es to the school, what they 
thought of the 


training offered—and, 


more important, what plans they have 
for us 
Their 


follow, reflect the wide-spread interests 


ng these men in their industry 
answers, given on the pages that 
»f these companies in the development 
of industrial atomic energy, in general, 
and in reactors, in particular. 

The challenge which the AEC offered 
industry when it invited  reactor- 
program participation was accepted by 
two firms with the acknowledgment 
that the “industrial potential of nu- 
clear energy will expand with time”’ 
snd that ‘industrial scientific progress 
An- 
other company expressed the feeling 
that their would be 

greater 


3 a responsibility of industry.” 


contribution 
if some of their “key engi- 
neers had a better understanding of 
nuclear technology 
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Training student-employees at OR- 
SORT was considered by almost all 
the 


worthwhile” 


“extremely 
Although 


manpower 


companies aS an 
investment 
Is sacrificing 


our company 


now,” one instrument manufacturer 
said, ‘‘in the long run we feel we will 
be repaid many times over by coop- 
For the 
own good, we cannot 


the AEC is 


erating with the AEC. na- 
tion’s and our 
afford to 
doing for industry 
A public utility, 
the implication that atomic-energy re- 


ignore what 


while disclaiming 


actors for electric power are “just 
around the corner,” called ORSORT an 
“investment in long-range planning.”’ 
The development, design, and manu- 
facture of special industrial processing 
equipment is looked upon by a food 
manufacturer as a “ logical outgrowth 
of the knowledge 


ORSORT training 


gained through 
An oil company 


in sending «a man to the school, looks 





MARCH 1 DEADLINE 


Prospective students for the 1952-53 
session of the Oak Ridge School of Reac 
tor Technology have only until March | 
to complete their application forms for 
admission. The forms, including acknow! 
edgment of an Atomic Energy Commission 
security clearance, must be filed by that 
date for the session beginning on Septem 
ber 8, 1952 
write Oak Ridge School of Reactor Tech 


nology, P. O. Box P, Oak Ridge, Tenn 


For forms and information 





forward to the assistance this man can 
the 
“feasibility of applying nuclear meth- 


give company in appraising the 


ods to new problems.” 


Facilities and Curriculum 
Students are selected from two cate- 


gories: Category A, recent graduates 


from universities; and Category B 


representatives from (and sponsored 
by) industry and government agencies. 
All applicants must have a bachelor’s 
degree or higher in chemistry, engi- 
neering, metallurgy, physics, or engi 
neering-physics. Category A students 
are paid $285 per month for the train- 
ing period; Category B students remain 
on their sponsor’s payroll 

If & company has an active interest 
In reactor development or wants to get 
into the field, it can get an ORSORT- 
one of two ways 


trained man in 


either hire a student graduate or cut 
loose one or more of its own employees 
for a year to take the course under 
company sponsorship 

The school was expanded in Septem- 
ber, 1951, to accommodate more stu- 
dents, and existing facilities were re- 
student 
has been 
Equipped with the 
modern radioactivity instruments and 
training aids, this building houses a 


modeled. Since then, a new 


laboratory building con- 


structed, most 


eounting room, three laboratory rooms 
completely fitted with services, a gen- 
eral research laboratory, and an expo- 
nential reactor, which is a noncritical 
pile designed for use in experimenta- 
tion and demonstration work only. 

In addition to getting a broad educa- 
tion in reactor technology, the students 
get an “excellent over-all picture of the 
going reactor program,”’ according to 
one respondant to NUCLEONICS’ survey 

I:xperience to date has shown that to 
get the most from the course the stu 
dent must be a 


competent engineer 


with a “better-than-average"’ know! 
Probably an engineer- 


best 


edge of math 


ing-physics background would 


qually a man There is no doubt it 


is a “stiff 
men with young minds, but the benefits 


course for the best-trained 
ire commensurate.” 

The work of the school is carried on 
in conformity with standards of grad- 
iute collegiate instruction, and = stu- 
dents must be prepared to devote from 
50 to 70 hours per week to the schoo! 
Full AEC 
ince and U. 8. citizenship are required 

The 


ulum are 


program security clear- 


courses in the current curric 


as follows 


Reactor chemistry $6 hours 


Nuclear physics (engineers, 72 hours 
$6 hours 
(180 hours 


physics (90 


scientists 
Reactor theor 
Experimental reactor 

hours 
Metallurgy and ceramics (72 hours 

(scientists, 72 hours 


36 hours 


Engineering 
engineers 
Reactor engineering (72 hours 
Reactor design problem or compo- 
nent development research (500 
hours 
ORSORT’s director is F. C. Vonder- 
Lage. Its faculty is composed of ex- 
perienced nuclear physicists and engi- 
neers who are also members of various 
ORNL divisions and devote a part of 
Reginald J 
Stephenson, on leave from Wooster 
College, is serving the 1951-52 session 
as chairman of the faculty. 


their time to research. 


For the results of NUCLEONICS' survey, turn page => 
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How is industry using ORSORT graduates? 


PPPTTTTTTTTTTTITITITL LL SOC SEES SESE RECS HOSTESS ESET ESSE SESE EE EEE EEEE EEE EEEES 





NUCLEONICS' survey showed that industry has put some of the 46 engineers and 
scientists who completed the 1950-51 session to work at a variety of jobs. Here's what 
they are doing, according to statements from the companies 


Bendix Aviation Corp ir graduate, a physicist, is en- Consolidated Vultee Aircraft Corp. Our graduate is a 
nr tor rm stud hatsendingaman nuclear engin raged on work connected with the 
worthwhile investment. development of an atomic-powered airplane. 

s being improved further 
onfident that the students 


ture of the going reactor 


E. |. duPont de Nemours & Co. Our graduates are mem- 
bers of the Reactor Technology Group of the company s 
Atomic Energy Division These three men are currently 
assigned to Oak Ridge National Laboratory as part of a 

Carbide and Carbon Chemicals Co. Our three graduates cooperative program which ORNL is earrying out for 
are associated with the Oak Ridge National Laboratory, qu Pont in connection with the Savannah River project 
which rbide operates for the AEC One is engaged in 
criticality nd mtr ulations as a part of the predesign Electric Boat Co. Each of our two graduates had formal 
study of ew reactor He is working egsentially inde- education in marine engineering and naval architecture 


pendently with occasional guidance of a senior person plus company experience in the design and construction of 


program in additior e training in reactor technology 


Another is one of two engineers carrying the responsibility submarines. They are now actively engaged at the com 
on shift wit! istance of technicians in making shake- pany’s plant in Groton, Conn., in the application of nuclea1 
down runs on components of a newly constructed reactor powe! he propulsion of submarines. Their work in- 
pre} torv to pi it into operation The third has volves design and engineering of components and systems 
joined ORSORT as an instructor and is, in addition, design- that will be applied in the extraction of useful energy from a 
ing and preparing experiments for the student lab operated nuclear power source and in the utilization of this energy 


in conjunction with tl hool for propelling a submarine 
) 


Why is industry giving its men ORSORT training? 








NUCLEONICS asked the companies who now have employees taking ORSORT training 
what these companies expect to get from sending their men to the school. Representa- 
tive of the replies, which embrace a broad cross section of industry, were: 


Allis-Chalmers Manufacturing Co. We expect to find ibre of | impor d. Therefore 


( r getting at ORSORT useful in r opinion that shall seeping abreast by 


ts whieh re¢ res the | Our company had three basi 


man to ORSORT 1) General Mills 

in research and development work fo! 

Commission for several years In con- 

iluate tl etl wit! rogram, we have felt that our contribu- 

power trom l tion would b reater 1f some of our key engineers had a 
rhis approa a) Db } naer nding of nuclear technology (2 We be- 
i idea that ind ieve it is possibl hat during the next decade certain 
of industrv itself ipplications of nuclear technology may affect General 
Mills’ business in the food industry 3) If industrial ap- 


California Research & Development Co. The two e1 ¢] sential 
=> ol he potential t ilimable In radio- 
ORSORT are being trained for work o1 


ent, design, and manu- 
y our company for the Ak ae 


y g equipment would 
Cities Service Research and a Conny. ren) nt outgrowth « 1 | Mills’ current 
hat € s itenti il of nuclea etivi for the sucl } I c ng would require 


rat ORSORT 


gv and its pos- 
been of interest 
he future when 
o Hercules, the 
ittend ORSORT 


as developed 

The do this, it 
Douglas Aircraft Company, Inc. 7 RI 
ORSOR 

Metropolitan avinen Company. 


ORSORT i estment 
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General Electric Co. Our four graduates are engaged on 
the ANP (Aircraft Nuclear Propulsion) project, which will 
be centered at the company’s plant at Lockland, Ohio. 
rhey are assisting with the development work on a nuclear- 
powered aircraft engine for the Air Force. 


Monsanto Chemical Co. Both of our graduates occupy 
is members of the staff of the Monsanto-Union 
Electric Company of Missouri project which is investigating 
the feasibility of a reactor to produce plutonium and power. 


Key roles 


North American Aviation, Inc. Work of our two gradu- 
related to a technical and economical evaluation of 
It is part of a broad study of 
breeder, and power reactors from the standpoint 
utilization of fissionable materials, 
capital and operating costs associated with procurement, 
fabrication and processing of fuei, and with operation of 
reactors and gaseous-diffusion plants. Constraints imposed 
by the national welfare and the limitations associated with 
raw materials will be considered in the study. 


Employed in Idaho Falls, Idaho, 


Testing Station 


ates is 


reactors of various types 
converter 
f 


of over-all efficiency, 


Phillips Petroleum Co. 
at the Reactor our graduate is a reactor 
console enginee! He will control and operate the materials 
testing reac nspect controls, and operate various equip- 


iterials within this reactor. 


ment and 1 


SSSRESES ETT E ESSER THREE R ERT EeEEeREeEEEEeS 


Pratt & Whitney Aircraft. One graduate from the school 
is employed on the aircraft nuclear propulsion project which 
this company is carrying out for the Air Force. 


Westinghouse Electric Corp. Our graduate is a member 
of the project department of our atomic power division. 
His specific duties involve both physies and engineering 
problems in connection with reactor problems. 


Associated Universities, Inc. (Brookhaven National Lab- 
oratory). Our graduate is working in the BNL reactor 
division on reactor component design and testing. 

U. S. Air Force. Two of the graduates are at Wright 
Field, one of them in the nuclear power branch there. Two 
other graduates are working on the aircraft reactor project 
at Oak Ridge 

USAF Air Materiel Command. Three of the graduates 
are at Wright Field, one in the power plant lab there and 
two in the air development center. Our fourth graduate is 
working on the aircraft reactor project at Oak Ridge. 

Bureau of Aeronautics. One of the men is at the Naval 
Radiological Defense Laboratory in San Francisco, and one 
is with the Bureau of Aeronautics in Washington. 

Bureau of Ships. The five graduates employed by 
BuShips are working on the nuclear ship propulsion project. 





be interpreted as an implication that we beleve 
itomic-energy reactors for electric power are just around 
the corner. It is our thought that within the next decade 
or two their feasibility will probably be determined and our 
ability 


to make use of such new technological developments 


will be ted unless we have personnel trained for it. 


Brown Instru- 
The members of our organization who 


Minneapolis-Honeywell Regulator Co. 
ments Division). 
ire taking courses at ORSORT and elsewhere are 
in the company’s growing nucleonic engineer- 

manned by nuclear-research and instrument 
rs Although our company is sacrificing manpower 


being 
prepared to j« 


ng laborator, 
the long run we feel we will be repaid many times 
cooperating with the AEC. For the nation’s and 
good, we cannot afford to ignore what the AEC is 

or industry 


National Lead Company. The interests of our company 
onstanth expanding ind range from titanium 
uct production to the preparation of products for the 

Energ\ 


ive that we 


now 
Commission. Such interests have made it 
keep abreast of all the latest scientific 
nts and especially those in the field of atomie and 
ORSORT provided a way to do this 


eture 


Our em- 


Public Service Electric and Gas Company. 
oh ling one year at ORSORT as an extension 


Engineers Training 
What Public Service 
sending this man to the school depends upon 


ear Publie Service Cadet 


ch he had just completed. 


f the use of atomic energy to generate power. 
benefits from our employee’s attendance might 
ipplication of liquid metals, now being used by 
-energy groups in connection with reactor cool- 
it-transfer problems in the conventional power 
= the reheating of steam in turbines. 2) The 
us special accessories, such as pumps, seals, and 
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controls, being developed in connection with the atomic- 


energy progr im 
The use of 


find leaks, 


in the more conventional power installa- 


tions isotopes for testing purposes, to 


measure flows corrosion etc. 


Reynolds Metal Company. Our employee is attending 
ORSORT as part of our program exploring possibilities of 
aluminum in nucleonics. 


Sinclair Refining Company. There has been considerable 
discussion in recent years concerning the petroleum re- 
sources of our country. Although there is some conjecture 
as to the total reserves, it is apparent that they cannot last 
indefinitely. To meet this challenge our research organiza- 
the 
Sending our employee 
to ORSORT represents another step in this investigation. 
The industrial and 
products also have been the concern of this management. 
In particular 


tioh has been considering the possible sources tor 
nation s future power requirements. 
research uses of radioactive fission 
we expect to use our man’s knowledge in 
applying tracer tec hniques to help us evaluate the effects 
of some of the operating variables of commercial processes. 
Present-day research has also demonstrated that radio- 
active substances can provide the triggering energy for 
chemical reactions 


tion ot 


The petroleum industry in its produe- 
the polymerization of light 
ind the alkylation process for the production 


petroleum chemicals, 
hydrocarbons 
ition 


ol avi gasoline may be able to utilize radiation-triggered 


chemical reactions 


Socony-Vacuum Oil Co., Inc. 


Soconv-\ 


The points of value which 
sees In sending our man to ORSORT are 
e of specialized information in connection with 
the 
nuclear methods to 
the significance of 
industrial nuclear developments with respect to our own 


cuumMm 
1) as a soure 


our own industrial radioactive research work; (2) in 
appraisal of the feasibility of applying 
new problems; and (3) in appraising 


business. 


research work and 
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Tektor /eve 
monitors 


la 


] SAMPLE COLLECTING MECHANISM. Flow from ion exchange column passes through diverting mechanism to bottle for 
collection or to waste. If level monitor. indicates full bottle or if activity passes a minimum, new bottle is moved into place 


Automatic Sample Separator 
For Radioactive Liquids 


An ion-exchange column can be used to separate fission products with each 
product producing a corresponding peak in observed activity. The 

device described here uses a three-in-one counting-rate circuit that detects these 
peaks with uniform accuracy over a wide range to control 


funneling each fission product into a separate container 


By A. E. BENNETT 


Mfc BE) 
Ha 


tainers and also gives a detailed record 


f the effluent activity This equip- 
ment consists ol e sample collecting 
chanism shown in Fig. 1 and related 
onic counting circuits and control 

A photograph of all the ap- 

iratus has been published by D. 
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2 TYPICAL RARE-EARTH SEPARATION. Time required for sep 3 


aration and wide range of counting rates is evident 


BLOCK DIAGRAM of collecting mechanism and auxiliary units 
shows relation of units 







































































Output of 
counting-rate meter 


0-10 pulses/sec 


( pulses / sec 





O- 1,000 pulses /sec 
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ool 














TRIGGER CIRCUIT makes it possible to combine outputs of three counting-rate meters to obtain uniform accuracy over wide range 


control that is necessary in separating fission products 


ion-exchange 


relatively slow \ 


act that the apparatus is com- studies because the 


automatic 18 Of great impor- = ration 


proc ess 1s 


or it thus is capable of freeing solution of the mixed fission products 
the 
A three-in-one count- 
is the key to 


operation. 


ratory staff from routine is passed through a column of the 


f separations ion-exchange material, genera in 


com- organic resin held in a glass tube \ 


g-rate circuit 


itomatn process ol selective exchange oceurs 


ipparatus is useful in detailed — the various fission products being taken 
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ip the resin To free the absorbed 
the 


with the optimum eluting agent 
| 


washed out 


various fission products flow from the 


elements column is 


column in turn, depending on whether 
n the 


the, 


presence of the eluting agent 
tightly bonded to 
This 


are loosely or 


the exchange material 


separa 


15 








Microswitch 
operating 
6 


5 DRIVE MECHANISM. Brackets for bot- 

tle-holding forks are attached to two 
sprocket chains. Pegs operate micro- 
switches that stop drive 


istrated by 
he relationship 
d time for the 


rare-earth 


Abilities of Unit 


luent I he on-excl 


inge 
gth of thin 
s through 
i Geiger 
the block 
from this 
preamplifier 
ite meters 
nic triggel 

when the 


throug! 


When 
xt rises above the preset 
brought into 
effluent flows int 


ing bottle into a waste vessel 
the activity ne 
bottle is 


the 


level a new 
and 
this bottle 


2. The counting-rate meters indicate 


position, 


that the activity has passed through a 
minimum, i. e. a new element is flowing 


out (see Fig. 2). In this case a new 
hottle is brought under the column 

3. The liquid-level monitor indicates 
that a collecting bottle has been filled 
to 4 predetermined level. In this case 
an empty bottle is brought under the 
column, 

In each case the control unit auto- 
matically recognizes the condition that 


makes a 


one 


has arisen and permanent 


identification mark on pen of a 
four-pen self-balancing recorder. The 
other three pens are used to record the 
of the meters 


outputs counting-rate 


continuously 


Geiger Counter 
The 
system is ol! 


described by 


Geiger counter usec 

the flow-throug! 
Sharpe and Tay 
It is an ordinary tubular counte 
the anode wire surrounded by 


of thin 


~ 30 


tubing (wall 


giass 
gm/em through whi 
liquid is passed. 

The characterist 
are: helix volume ~ 0.3 ml, oper: 
voltage 1,100 volts, plateau 

200 
0.05% per vol 
1 in thi 


simplifies cleaning and 


volts ind plateau slope 
all-glass 

struction usec s counte! 

ilso alloy 


use of strong acids and similar re 


in the processing. 


Ratemeter, Trigger Circuits 
One of the problems that must be 
effluent 


overcome in monitoring the 


from an lon-exchange 
the counting 

to record acti 
tween a b 

counts pel 

counts pel 

can be met by 

rate meter, but 

an inherent 

maintain i 

pressed as a 
counting rate 
counting rates 
switch from 
extremely 
meter is to be used in 


automatic apparatus 


To overcome this difficulty, a loga- 


rithmic counting-rate meter (4) cover- 
ing a range of from | to 10° pulses per 
second was initially used. However 
it has been found necessary to seek an 
alternative, because the efficiency of 
this unit is limited when it is used to 
the effluent 
commences to rise above the 
the 


breaks away 


determine exactly where 
activity 
background 


level (i.e. point at 


which an element from 
the ion-exchange material). 
The counting-rate meter now in use 


Cooke-Y ar- 
borough and Pulsford (5). It 


has been designed by 


incor- 
porates three linear rate-meters in « 
single unit and does not require any 
form of mechanical range switching. 
In this model the pulses from the head 
amplifier are fed via three parallel 
limiter tubes into three separate linear 
are 0-10 


rate-meters, whose 


0-100 


ranges 
and 0-1,000 pulses per second 
The outputs from these 


respectively 


channels are recorded simul- 


three 


three 


taneously by separate pens ol 


the four-pen recorder, and the count- 


ing-rate is obtained from the most 


appropriate trace 

To obtain a voltage signal suitable 
for operating the subsequent trigget 
circuits, the outputs of the three chan- 


] 


] 
scaie 


nels are limited above full 
the 


own in Fig. 4. The 


just 
ind then are mixed in resistance 
network R, Rig sl 
limiting prevents damage to the meters 
‘ounting 


those 


ges when the 


in the lower rat 


rate exceeds the maximum of 


the 


iown that 
measured at the top of Ry rises almost 


It can be sho voitage 
logarithmically over the counting range 


0-1,000 pulses per second thereby 


viding : liform triggering ac- 

total range of pulse 
vccuracy could not be 
the trigger 


ctly from the 


circuits were 


| I linear out- 
put of the 0-1,000-cpm counting-rate- 
meter channel 

To distinguish the minima in a series 


ity peaks this signal is applied 


H the ‘‘trigger cu 
Rela VD is i Sensitive 


enter-st il e mo ! -coil relay which 


cult 


operates either relay F or R according 

the polarity of the current flowing 
These two relays, F 
R when the 


when 
reases Or 
ises 


govern the forward 


ind 1 rotation of the servomoto! 


Vwi 
ometer R rl 
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ves the equalizing potenti- 


s potentiometer moves 





n a series of steps following the mixed 
outputs, the circuit 
that there 


steps per decade. 


meter constants 
such 
mately 40 
step is thus approximately 2% of the 
which means that the MD 
operated by the 
of the 
output caused by the randomness of 


being are approxi- 


Each 


full scale 
will not be 
fluctuations 


relay 
majority of the 
the input pulses. To insure complete 
safety, the output is smoothed some- 
what by 
RC 

The rel: 
to the relay control unit, which insures 
ration of F 
corresponding to a minimum) immedi- 
a collecting bottle to be 
changed. The other circuit, 
V;, is actuated by the output of the 


0-10 pulses per second range when it 


the coupling time constant 
ivs F and R also send signals 


that an ope following R 


itely causes 


trigger 


reaches any level predetermined by the 


resistor R 


Variable 


Sample-Collecting Mechanism 
This unit is shown is Figs. 1 and 5. 

t comprises an endless 
carries 36. stainless-steel 
lecting bottles being hung 

cs from these forks. The 

omplete unit is 42 in. long, 12 in. 
vide, and its over-all height is 24 in. 
The acing between hooks is 2'¢ in. 
This ng is 


rd bottles up to 


sufficient to allow 
$ oz In size to 
these 


went forks. If 


urge enough, it is 

rate the unit with either 
alternate positions 
designed long bottles 

mum length of 12 in. and 

00-200 ml 

stretched be- 


chain is 


rocket wheels and has 


-shaped brackets rigidly 
' ! 


racket carres an 


ed two-pronged staimnless- 


These have been made 


that different shapes 
rious types ot 
id further, they 


} 


clean if they become 


minated 
to this assembly, a 
all s mounted on 
irecti underneath the one 

|, and fastened to it by a 
To insure 


into the 


ertical straps 
is brought 
der the column, each 
with a small peg which 
bottle 
One of the straps 


microswitch as a 


omes Into position. 
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is fitted with an extra which 


engages another microswitch once per 


peg 
revolution of the chain. This is used 
to indicate that the assembly of bottles 
has reached a reference or “home 
position.” 

The mechanism is stopped merely 
by breaking the a-c supply to the unit, 
the motor speed and gear-box ratio 
having been chosen so that the posi- 
tioning error due to any over-run in 
the motor is negligible compared with 
the width of a bottle neck. The time 
taken to bottle 
position (assuming the mechanism is 
full 
bottles) is approximately !4 minute 

Flow-diverting funnel. Mounted on 
the top of the mechanism is a two-way 
glass funnel (Figs. 1 that is 
used to direct the flow of the effluent 
the 
a collecting bottle or a 


bring the next into 


carrying its complement of 36 


and 6 


from ion-exchange column into 
waste 
the 


activity is above or below the preset 


either 


vessel according to whether 


value. Inside the body of the funnel 
there is a glass plate (approximately 
34-in. wide) in the form of a shallow 
tray mounted at an angle of 45 degrees 
on a glass rod that passes right through 
the funnel 

The rod and glass plate may be set 
into one of two positions by means of a 
small electromagnet and return spring 
When the magnet is energized, the top 
edge of the deflecting plate is moved 
clear of the normal exit tube, and liquid 
dropping into the funnel falls straight 


through into a collecting botth When 





Flow from ion- 
exchange column 


Stainless - steel lid 


gull | Ladies 


/Glass deflecting 
plate 


man 


Woste (low activity) 
exit tube 
Normal 
high- activity) 
exit tube 











Glass de- 


6 FLOW-DIVERTING FUNNEL. 

flecting plate covers normal exit tube; 
its position is controlled by electromag- 
net that is not shown 


the magnet is not energized, the glass 
plate masks the normal exit tube and 
deflects the liquid flow into the side 
tube of the funnel, and thence to the 
It should be noted that 
there is no hold-up in the normal flow 


waste vessel. 


from the column and that any drops 
which splash off the deflecting plate 
collect in the bottom of the funnel and 
The 


all-glass construction permits the use 


drain away into the waste vessel. 
of corrdsive reagents. 


Liquid-Level Monitor 

The purpose of this unit is to guard 
against a collecting bottle overflowing 
This 


because in 


onto the surrounding equipment. 
precaution is necessary 
many experimental runs the volume of 
with a separated 


liquid associated 


element is not known, and any spilt 
effluent would contaminate the equip- 
ment. Further, considerable damage 
might result from the chemical nature 
of the effluent. 

The monitor used is a Tektor Prox- 
Switch* is essentially a 
that 
detect very small changes In capaci- 
the 


the probe electrode is a length of brass 


imity which 


phase-balancing network can 


tance. In present arrangement 


bar 3X '4 & 'q in., mounted cen- 
trally on the end of a 6-ft probe cable, 
The cable is held 


with the bar horizontal in a clamp that 


as shown in Fig. 1 


can be positioned in front of a collecting 
bottle. A 
behind a 


grounded plate mounted 
bottle the field 


intensity around the end of the probe 


Increases 


ind consequently the sensitivity of the 
instrument 

The Tektor operates on the change 
In capacitance that occurs as the liquid 
fills the bottle A of the 
Tektor relay the 
control bottle change is 
bottle 


automatically 


contact 
gives a signal to 
that a 
full 


relay 


unit 
required. As a moves 
the Tektor 


releases, and the unit 


iwn\ 
is immediately 
the 
operations of 
bottle 
on its hook as it moves into position 
the 


next 
the 


sSWinging 


ready for re-operation on 
bottle Any false 
| arising from a 


relay 


are made ineffective by main 
control circuit 
\ further 


monitor 


advantage of this level 
which is of particular impor- 
tance when dealing with highly active 
solutions, is that only the probe elec- 
trode and cable need to be on the active 


Fielden Electronics 


England 


* Manufactured by 


Ltd., Manchester 
17 
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7 CONTROL UNIT S"' denotes a relay scale-of-two in this block diagram Four control keys are used to select desired mode 
ope 


ration of the sample separator 


Control Unit 





ontrol 
thuent 


Operational Experience 


S 691, 2 ’ 
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TODAY (7), part of the process of sterilizing penicillin involves such costly aseptic handling techniques and equipment 
as that seen at the left in use at Chas. Pfizer & Co., Inc., Brooklyn, N.Y. If some of the problems described in the article 
below can be licked, the fission-product sterilization unit shown at the right may be the process in use TOMORROW (T 


Radiation Chemistry and Sterilization of 


Biological Materials by lonizing Radiations 


The problem of dealing with undesirable chemical effects 

produced in foodstuffs, pharmaceuticals, and biologicals sterilized by 
ionizing radiations is part of the greater problem of determining the usefulness 
of fission products for sterilization on a commercial scale. The nature of 


these effects and the conditions under which they occur are discussed 


By JOHN P. O' MEARA This discussion will be limited to gen Rays on Bacteria and the Possibility 
Southwest Research Institute radiations that produce only ionization of Their Eventual Application.” 
Obviously, radiations that would also Since 1920, many papers have been 
induce radioactivity in the material published concerning the effects of 
ng ionizing radiations to — being sterilized could not be considered ionizing radiations of all types on 
cal materials has been We shall assume, then, that we are microorganisms. One result of this 
by the novel speaking of X-rays, gamma rays, or work was the commercial application 
food tech- cathode rays of about | to 5 Me of ultraviolet lamps for surface sterili- 
ic This review _ zation. Application of more penetrat- 
nes of inducing the Bactericidal Effects 
team, because the The concept of utilizing the bac- and X-rays, has awaited availability 


encountered have been tericidal action of ionizing radiation of sources capable of delivering the 


ing radiations, such as cathode, gamma, 


They are, fur- is not new; in fact, in 1896, the year large doses required for sterilization 
requiring the most after Roentgen discovered X-rays An intensive investigation of the 
' 


chemistry for German paper (/) a ired entitled feasibility of utilizing high-voltage 


Ui 
Effect of Roent X-ravs and cathode ravs for the com- 


ml 
rl 
é 


On the Question of tl 
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loses used in radioactive-tracer work 

TABLE 1—-Typical X-Ray Doses and cancer therapy 
For sterilization work, which refers 

to whole body 3 to a 100% kill, one deals with very 
to hands only 5 much higher radiation doses than are 
met in usual X-ray practice. In most 

adiation, single dose biological materials, it requires around 
10 times more radiation for a 100% kill 
than is necessary for a 99% kill. This 


25.000 r, < 100.000 1 s due to the fact that the natural 


solated tumor (administered in 
e microorganism (J7s¢ 


500.000 r, < 1,000,000 1 microbial flora contains both sensitive 
radioresistant microorganism and resistant mic roorganisims, Spores 
ture)* > 1,500,000 r, <2,000,000 1 are, of course, more resistant than 

vegetative cells. 
Another fact that should be empha- 
sized is that the 10-fold increase in 





radiation dose required to destroy the 
mercial s li on of istuffs, phar- It is not intended to pass judgmen last 1% of viable microorganisms may 
maceuticals, and other biological sub- on radiation-sterilization as : - be accompanied by a 5 to 10-fold 
stances was initiated at Massachusetts stitute for heat-sterilization, for nerease in undesirable chemical effects. 
Institute of Technolog n 1942 4 would require an evaluation ol 
Electronized Chemical rporation in technique not only from the stand Chemical Effects 


point of the chemical reactions pro- Verv early, cl 


emists amassed evi- 
duced but also from * standpoint Of dence to indicate that, despite the neg- 

cost, efficienc I rey utilization gible over-all temperature-equivalence 

olume of material that can be handled of the energy involved, ionizing radia- 

lumbia ive! I rsi ) necessary p r post-treatment Of tions do produce widespread chemical 


Michigan, an ora nv samples, and s¢ mur It is certainly changes in materials of biological 
gate ise Ol too early to pre hat the ultimate interest. In fact, the changes are so 


value of atomic energy tor steriuzation widespread that one can say that, 


will be. Indeed, there is convincing under suitable conditions, almost any 


evidence that radiation-sterilization substance that can be oxidized will be 
may be useful for certain pes oO oxidized and almost any substance 
miological materials ina t ster that can be reduced will be reduced. 

lized by conventional methods At first, these ‘idations and reduc- 


tions were thought to occur through 
Radiation Doses Required the action of hydrogen peroxide hesned 

Table 1 shows the radi: i on irradiation of water, but it soon 
nvolved T f a tudes ecam pparent that much more 
comparison = witl mo tra \ ) iz and reducing agents 
This led to the 


hy pothesis attri- 








ind developed in 
TABLE 2-Reactions Resulting from 4, , be-phvie “Much 
Irradiation of Aqueous Solutions 
Primary Re 
1.0 
Hoo 
HO 
CONDARY R 
OH Ol 
H+H 
Ol OH 
20) 
H, + OH > HO i 
H.O H > HO Ol 
H + HO 
' 1 HO. + OH — H,O HO 
stion-ste 2 HO HO H.O ) 
HO, +H > HO 
HO, + OH » HO 
H.O. + HO.— H,O 
H + OH > HO 


resulting from heat-steriliz ! | Many of the radicals 
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zation) may un I ome circume- 
s, produce chen hanges that 


nore objection: n those 











Total Energy vs. Distribution of Energy in Sample 


A number of reports on cold sterilization have com- 
pared the total amounts of energy involved in steriliza- 
heat and by radiation, but there seems to have 
been no attempt in those papers to point out the possible 
significance of the distribution of the energies absorbed 


tion | 


by thesample. The following approximate calculations 
illustrate important differences in the manner in which 
thermal and ionizing energy are absorbed by the sample 
differences that influence 
changes occurring during sterilization. 


molecules the chemical 


Consider 1 gram of an aqueous solution to be steril- 
Heat-sterilization might 
involve raising the temperature of the sample from 
25° C to 125° C, under pressure, so that heat of vapori- 
not included. Radiation-sterilization might 
the application of 1,000,000 roentgens of ioniz- 
tion 


ized by radiation or by heat. 


zation 1s 
nvol e 
ing radi The total ameunts of energy supplied 
expressed in units of electron volts, are: 

By heat: 

k 100 gt 


26x 107 ey 


By radiation: 
k 1 x ‘ « 6s Sey 


gm-r 


5.2 X 10" ev 
tadiation, therefore accomplishes the same sterilizing 
effect with about one fiftieth the total energy required 
by heat 

The the heat 
uniform throughout the sample 


“ione 
distribution of energy is essentially 
The energy absorbed 


per molecule of water is 


2.6 * 10" ev/gm ~ 


7.8 < 10°? ev/molecule 


3.34 & 10°? mol ‘gm 


lhe distribution of ionizing radiation is non-uniform, 
the energy being given up in discrete amounts by the 
process of ionization and excitation. 

The ionization of water, which leads to the formation 
of strongly oxidizing and reducing radicals, approaches 
vields of the order of 1 molecule ionized for each 30 ev 
the solute. This does not mean that all 
of the energy goes into ionization, for only about 12 ev 


absorbed by 


is required to eject an electron from the water molecule 
The remainder of the energy goes into kinetic energy 
of the ion pairs formed, and in excitation. Neglecting 
the contribution of excitation reactions, It is apparent 


that | & 10° gm-r ionizes 


LO'* ey 


1.4 &* 10'* molecules, 


30 eV 

The resulting H and OH radicals 
and even though 
most of them will undergo self-neutralizing reactions, 
the 1% or so that do react with the solute are by no 


most of them water 


are strongly oxidizing and reducing 


means insignificant 
The role of excitation in causing chemical changes is 
not well understood, but it is known that the amount of 
molecule is several orders of 
that involved in thermal 


energy transferred per 


magnitude larger than 


sterilization 

Even though about 50 times more energy 
heat than by ionizing 
is distributed so uni- 


Discussion 
is required for sterilization by 
radiations, the thermal energy 
formly that the small amount of energy absorbed per 
molecule is not sufficient in itself to rupture chemical 
The main effect of heat is probably catalytic. 

the other hand, ignores 
portion of the molecules in the sample. 


bonds 

Radiation-sterilization, on 
the 
However 
energy levels far in excess of those required to break the 
chemical bonds of the solvent, and the resulting end- 
oxidizing and reducing. The 
number of such rad als produced is not negligible, since 
the many biologically com 
pounds in foods is the same order of magnitude. The 
reaction of these “activated solvent”? molecules with 
various solute molecules leads to end-products that are 
than encountered in 


greater 


the few that do absorb energy are raised to 


products are strongly 


concentration of active 


often more undesirable those 
heat-sterilization. 

The methods applied to reduce undesirable chemical 
reactions during radiation-sterilization have consisted 
of (a) altering the constitution of the sample so as to 
favor removal of the active radicals by non-noxious 
b) altering the physical state of the sample 


so as to restrict the movement of the active radicals, 


reactions, or 


thereby favoring self-neutralizing reactions. 





oxidizing and reducing 
the net effect to 
pected in the irradiation of a solution 


are strong 
agents, and be ex- 
will depend on the relative quantities 
of the various radicals present, their 
their the 
These, in turn, are affected 
by the energy of the incident radiation, 


lifetime, and mobility in 


solution 


the radiation density along the ioniza- 
tion track, 
dissolved oxygen, the viscosity of the 


the presence or absence of 


solution, and the presence in the solu- 


tion of oxidizable or reducible com- 


pounds which may ‘‘compete”’ with 


one another for the free radicals. 
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With this brief review of the agents 
that produce the chemical changes, let 
us look at some of the reactions that 
actually occur in practice. 


Inactivation of Enzymes 
The radiosensitivity of enzymes is 


of interest 
relationship to the biological effects of 


because of its possible 


radiations on living cells. It is also 
of practical interest 

because it is usually 
prevent enzymatic spoilage as well as 
heat-steriliza- 


in sterilization 


necessary to 


microbial spoilage. In 


tion, the thermal inactivation of 


the 
thermal destruction of microorganisms. 


enzymes usually coincides with 

This is not necessarily true of radia- 
tion-inactivation, and it 
graphically the marked difference in 
the nature of the two sterilizing agents 
One hears the statement that enzymes 


illustrates 


are extremely radiosensitive and then 
again, that they are extremely radio- 
resistant. Both statements are equally 
true, providing the experimental con- 
ditions are specified. 

Barron (17) has been able to demon- 
strate nearly complete inactivation of 
several enzymes in very dilute solu- 
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TABLE 3— Effect of 3-Mev Cathode Rays on Phosphatase and Peroxidase in 
Unfrozen and Frozen Raw Milk (24 


i) 

iW) ( + SOO O00 

O00 () 500 000 

100.000 1,000,000 

0.000.000 + 3. 500 000 

O00 00) 6,000 000 
20.000 000 


3 ik 
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Flavor and Color Changes 
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Irradiation of Frozen Materials 
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inges present the great- 


the chemist because 


compounds that are 
nts too small for detec- 

methods of analysis 
resence of a vanety of 


It 


inalysis that 


compounds is 


‘al attempt thus 
the 


off- 


ze and measure 
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n irradiation 


responsible lor 


Bactericidal Effect 

under Various Conditions 

that undesirable chem- 
the 
es more ¢ ymplex, that 


ire¢ lessened as 


ber of different reactive 
We 


complete el 


also 
ot 
the 
These re- 
rd with the activated- 


reases have 
Imination 
by 


etions lreezing 


radiation 


is, the protection 
competition ol many 
for the destruc- 

so, with restriction 
those radicals in the 
bactericidal effect 
s lessened sim- 
The 


today 


these conditions 

lence available 
ite that no appreciable 
ster 


of} 


lization dose is nee- 


some studies on 
radiosensitive 


ite t 


micro- 
possible to 


Is 


sensitivity by various 
S it is found in 
100°, killing dose 


flora 


s not ippreciably 


neous In most 


ibout the same 
milk 
the 


deals with 


julres 
ation as liquid 
wecord with 
which 


onizing radiations 


to 


on 
this 


cell is destroved only 


According 


rticle passes through a 
the 


direct effect and is 


ume 


within 


ited to any great 
that 
changes 
lirect 
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rect effects 


mical 
action 
gh doses 

bullets 
the target 


tnisthi Will 
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be hit. This requirement makes radia 


tion-sterilization verv inefficient indeed 


Indications for Irradiation 
in the Frozen State 

It appears, then, that a requirement 
for efficient radiation-ster 
that 


frozen state 


ization 
the material be irradiate 
This will reduce 
chemical effects wh 
the 
It will not inactivate the enzymes 


Such a 


desirable 
stroving microorganisms present 
how- 
evel 


procedure puts radia- 


tion-sterilization at a 


serious economi 


disadvantage for materials ha 
relatively low value per unit 
although it may still be ad 
for such high-cost, low-volume 
terials as pharmaceuticals that cannot 
be heat-sterilized 
fecently, Meeker 
the Harvard Medical School 
the successful implantation of frozen, ir- 


radiated 


ind Giross /) ot 


reported 


aortic gratts in two ! 


umians 
This report indicates a ver) 


promising 


area in which radiation-sterilization 


be 


such cases 


, ' ' 
may extremely valuable since, in 


no other satisfactory 


of sterilization is available 


* * 
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LOADING FACE of the graphite-moderated nuclear reactor at Oak Ridge National Laboratory is traversed by an elevating platform so 
that personnel can reach plugged-up openings to fuel channels to replace spent uranium slugs. A bundle of 10-ft lengths of light steel 
poles used to push slugs into place lies in brackets in front of the two men on the platform 


24 
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‘ ‘ 
FIRST STEP. Five-foot steel pipes filled with lead shot and 
paraffin are used to plug up holes in loading face. As one 
man withdraws plug, the other, wearing safety glasses, uses a 
rag to wipe off flecks of foreign matter that might be radioactive 
Wires, tubes ond other apparatus on wall are used in research 


How to Load 


a Reactor 


slugs in the 1,248 fuel channels of 
Oak Ridge 


nt during fission, they must be replaced 


tidge National Laboratory 

vy how this is done. 
is a 24-ft cube of graphite blocks pierced 
hannels and by holes for isotope irradiation 
Ork rhe 


ir is drawn through them at the rate 


fuel channels are diamond 


100,000 ft® min, keeping the temperature of the ura- 
ul low 245° ¢ The average temperature of the 


is 140° ¢ 


raphite wierator 


The reactor was originally designed to operate at 


1.000-kw pacity, but it now has a 3,800-kw power level 
The moderator, surrounded by an air space, is encased 
ld 7 ft thick. The air space is 3 ft wide 

face, 6 ft wide at the opposite face The 

17 ft long, 38 ft wide, and 32 ft 


barn-like 


ure itself is 


sheltered by a corrugated-iron 


lesigned as a pilot plant for the large-scale 


duction reactors at Hanford, Washington, 


ly 1 
plute 


the Oak Ridg 


ige reactor is now used for isotope production 
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SECOND STEP. Aluminum-jacketed natural-uranium slugs are 
placed in opening on face. Each slug is 4 in. long, 1.1 in. in diam- 
eter, and weighs 2.57 Ib. From 39 to 54 slugs are placed end-to- 
end in each channel. Opening in shield is round, but channel 


itself is diamond-shaped, allowing coo'ing air to flow past slugs 





THIRD STEP. Steel rod is used to push slugs into place, with 
extensions added to the rod as necessary. Pushing in new slugs 
forces spent ones out the back of reactor. Highly radioactive, the 
spent slugs drop to an inclined neoprene pad, funnel into a chute, 
and are caught in a bucket shielded by a depth of 20 ft of water 
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CO, lon-Chamber Techniques 
for Radiocarbon Measurement 


One of the most sensitive methods for C'' detection and measurement is the 
use of an ionization chamber filled with radioactive CO.. A basic 


review of the theory and techniques is given here 


By GORDON L. BROWNELL and HELEN S. LOCKHART 
/ y \ S / neerit 
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FIG. 1 lonization current as a function of FIG. 2. Background ionization current as a FIG. 3. lonization current as a function of 
function of pressure pressure for an activity of 13,500 dpm 
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voltage and pressure 
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ionization-chamber 


FIG. 4 


measurem 
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the collected ions 
lirect current at 
measuring this 
the radiation 
1, in the present 
runt ol radioac- 
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observed 
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tour quantities 
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necessary for 
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on pa 

radiation 

f the chamber 

nation of tonization 
ris 

of the ( 


e energ) 


0) Ne 


! spec- 
based on maximum- 

ents by Solomon (45 

for the 
to be 


sure! 
energy 

mn ar 

energ\ required 

one ion pair in 
is 31.9 ev, and 
rd and fourth 
measurable 
the 


theor 


only by 
tenuous 
the chamber as 
determining C 
How- 


ivailable 


rates 


ibsolute 
chamber 
introduc- 
wtivity and 
resultant current. In 
ind the current 
are exceptionally 
infrequent 


Oniy 


{ 


ne variation of 
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circuit for rate-of-charge 


FIG. 5. 


urements 


current as a function of 


pressure 
when a constant amour 


the chamber 


voltage 
activity Is in 


chamber used in these measuren 


was designed to withstand 


considerable pressures ind is some 


the 


standard C'! analysis 


larger than chambers use 
At atmospheric pressure 
current with voltag 


which indicates that 


tion ol 
slight 

or no recombination is occurt 
higher the current 


with 


cates that in the pressure range 


pressures 


increasing voltage, wl 


several atmospheres, recombination 


f 


becomes an important fact In 


general, it is felt that the usual cl 
ber design will exhibit no reeomb 
effects when opel ited 
atmosphere of CO 
shows the 


with 


Figure 2 
current 
COs in the 


background 
pressure ol counter 
seen to be linear 
studied. Th 
that the 


iIncreuse is 
pressure range 
with the assumption 


ground ionization caused by 


ravs and local gamma rays pet il 


gas is constant The extray 


mass of 
oluted current at zero pressure results 
from the ionization of the alpha-ra 


miber 


contamination of the cha 
Figure 3 shows the 
current with pressure from 
containing a constant amount 
At low 


is lost in the walls of the 


pressures, miu h of the 
tion 
but the current approaches a 
value at high pressure. This 
current 


value of corresponds 


collection of all ionization 
by the C' radiation 

The optimum pressure for 
co) 


urement ol i small 


vctuall a function of the 


ie 





Electrometer 











Simple ionization-chamber circuit for null-reading meas- 


However, this optimum pressure ts not 
ritical 


yressure of 50em of mercury is suitable, 


and for most measurements, a 


The theory of collection of ionization 


within the ionization chamber is dis- 


cussed at some length bv Rossi (¢ 


ind) Wilkinson ; For further in 
formation on this topr these texts are 


recommended 


Current-Measurement Theory * 


In general, ionization currents are 


measured either by a rate-of-charge 
high-resistance-leak 


the 


method or a 


method In the former case 
small 


in the latter, 


voltage increase across a cap 


acitor Is measured, and 


the voltage drop across a high resist- 


ance is measured. A null method o 


reading may be used in either case 


Currents as small as 10 amperes 


mav be measured by the rate-of-charge 
method if the insulators and electrom 
designed 


this 


eter circuit) are properly 


For measurement of currents of 
the 
of the center electrode of the chamber 
should be at least 10 ohms. The 
is the thermal 


magnitude insulation resistance 


limiting factor, however 


noise in the input cireuit, which ts 


co nprised of the insulation resistance 
stray capacity to ground, and the 
capacity of the electrometer itself. Lt 
in amplifier is used, as in the case of the 
vibrating-reed electrometer, the shot 
effect noise of the input stage may be 
the limiting tactor 


Currents greater than 10 amperes 


ire most easily measured by the high 


resistance-leak method because of the 




















FIG. 6. Simple 


measurements 
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FIG. 7 
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for leak-resistance 


Q 
The voltage 


electromete! 


OQ 
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ot time necessar\ 
given amount is re 
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‘ 


ym 


AY 


@ 
If we define the 
aq = 


same as in the pre 
S | 


Although this method of me 


ment has the same sensitivit 


simpler case, it 
that the 


electrometer Is zero 


possesses some ady 


tage in voltage across the 
which eliminates 
some leakage current, and in that the 


null method of somewhat 


more accurate 


A general ionization-chamber circuit for use with two ion 


resistance to oul 
we Cun measure currents 
method (Fig. 6 
replaced by J, and 


i steady-state solution, J 


» leak-resistance 


is the produc tion and 


is constant. It is 
i ind =the 


Ss independent ol 
1d 6Is)=s6« more 


than 10 


con- 
greater 
measured. Leak 
idded to any of 


circuits whic 


more general type 
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ition-chamber cir- 

ive two chambers 

Q and Q’ and two 

e and e’ The 
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in be added to Q 
as in differential 


The 


irge flow Q’ ¢ 
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voltage 


mber 
imbers 
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FIG. 8. Potentials of a bridge circuit at 
null reading 
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FIG. 9. 
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second law we have 
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lonization-chamber circuit modification for vibrating-reed 


electrometer 


Substituting these relations in the 


above results we get 


Q — Q’) =e’; 


when E is zero. The sensitivity of the 

This expres- 
that Co», the 
electrode 
does not 


the 


two chambers would be identical and 


circuit remains the same. 
convenient in 
the 


and electrometer to ground 


sion Is 
capacity of collecting 


appear. In most applications, 
C; would equal C3. 
The 


eireuit 


second modification of this 
Fig. 9) is very useful in prac- 
tice and is incorporated in the vibrat- 
The 
is replaced by a 
the 
the 
analysis of the general circuit, we place 


We then have 


second 
feedback 
voltage, e, is 


the 


ing-reed electrometer. 
chamber 
capacitor, Cs, and 


usually zero. In results of 


()’ and e equal to zero. 
Q=£(C,+C 


If we adjust e’ so that FE is zero, then 


Q=e'C 
The measurement of Q is independent 
ef either C, or C By means of this 


circuit, we can calibrate a meter to 
read directly the charge flow, Q, from 
any chamber. The sensitivity is the 
same as that of the general cireuit 

To the 
last the 


electrometer will be 


illustrate usefulness of the 


modification, eircuit of the 
vibrating-reed 
discussed. The singular feature of 
vibrating-reed electrometer is 

of an alternating-current amp 
maintain the circuit constantly at the 
null port Anv voltage, / ippearing 
across the vibrating reed, which corre- 


sponds to the electrometer in previous 


diagrams, results in an a-c voltage of 
the same frequency as the mechanical 
the but 


phase sensitive to the polarity of the 


frequency of reed with a 


voltage, k. This a-c voltage’ is 


amplified, synchronously rectified, and 


FIG. 10. Block diagram and analogous circuit of vibrating-reed 
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FIG. 11. 
Mirror finish on all inside surfaces. 
brass unless otherwise specified 


Design of gas ionization chamber. 
All parts 


fed back into the input circuit as z. 
Is Opposite to E A 
block diagram and an analogous circuit 


whose polarity 


diagram are shown in Fig. 10. 

In this cireuit, the capacitance C, 
a constant component, Co, 
the 
ground, and an alternating component 
that the 


of the vibrating-reed capacitor. 


consists of 


including stray capacitance , to 


results from motion of one 


plate 
in oscillation 


The reed is maintained 


br u magnet driven by an oscillator 
Thus 
+ (' cosat 


Therefore 
qd VE 
oe + C cosut 
— qo, is placed on 
an alternating voltage 


Thus, if a charge, q: 
the capacitor, 
proportional to that charge is 
This voltage is then amplified, 
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Evolution and filling line for CO» samples 
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FIG. 14. Typical chart reading 
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to diffuse into the el 
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nitrogen trap, or sweeping 


the 


vith 


radioactive CO 
nert CO 


requires the of rather 
irge amounts of CO 
but this method 


active 


in a small trap, 
the 
is so large that only a 
CO 


must be used if 


sample 


small amount of inert is required 


il 
“ 


to bring the chamber pressure to the 
lesired value 
Sweep method. The 
placed on the vacuum line and evacu- 
ated by opening stopeor k No. 19 back 
to the When the vacuum 
complete, stopeocks Nos. 9 and 19 are 


the CO 


chamber 


Is 


pump 


closed and which has been 
trapped in coil C is distilled over into 
coil Et 
from C and placing it around & 
in C be to 
temperature more quickly 
it in 


Stopcor k No 


Vv removing the liquid nitrogen 
The 
yas room 


may brought 


by placing 
i beaker containing warm water 
S is then closed and the 
from & 
Then the line is evacuated from stop 


cock No 


manometer 


iquid nitrogen is removed 
4 on through to the mereury 
the calibrated 
umes beyond points 16 and 17 remain 
Tank CO. is flushed 
stopeock No 4 


into the room for 


while vol 


closed slowly 
through two-wa\ 
stopcock 
utes to 
the 


two min 
remove any out of the line 
tank. Then the Oo 
very slowly introduced into the vacuum 
line through stopcock No. 4 while the 
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ay 


to tank ( Is 





Now if the amount of C'O, which 
was contained in the chamber exerted 
i pressure of 13.06 cm Hg in a volume 
f 261.8 cm® (the volume in the mano- 
metric system) at 27.9° C, we then have 


261.8 13.06 273.2 
. : 1.S21 
22.4 76 301.1 


FIG. 15. Activity as a function of ioniza- moles of CO. in the chamber 


tion current for a pressure of 50 cm Hg ry on the vibrating reed 


ing 
was 26.9 divisions at 60/30 fast speed 


within the insulator to be reduced to a which is equivalent to 6 in., or 12 
negligible value At the end of this divisions, per minute One hundred 
vaiting period the chamber operates millivolts were collected. Thus, the 
satisfactoril current was 

The actual operation starts when the 100 

ontact switch igrounded care 9 
full and » jonization current 1 7 
collected : measured by the rate-of- = 29 « 10 imperes 
drift method The current is meas- 
ured by recording the rate of drift on Subtraction of background reading 


in Esterline-Angus recorder,t that is ives 5.79 & mmperes 


Now the total sample 
20 m 


Expansion method 


the time necessary for the needle 
indicate : rif f 0-10, 0-100 volved was 6 
0O-1L.000 mv spending on the activ ty - v4 X 
of the sample (Fig. 14 The reading 6.20 
is normally recorded as the number 
divisions traveled by the needle oO ! < |] ‘ amperes, the 
go, for example, from 0 to 100 1 lete C'* sampl 
A backgrout Phe chan r Was previously ca 
| brated with a standard C'™ sample 
vhose absolute lisintegration rate ts 
60 teeth juivalent number 
disintegt n r minute, or 
| 


ries of can b ad 


teeth 


l directly 


iveraged 45S 


the cur 





factor, &, and d ied Db nh itio ol 
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the number ol ns i 
to the number 
Phe factor } 
: onversion f 
ind the « 


ipacitor 
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Analysis of Urine 


for Gross Radioactivity 


A urinalysis using the adaptations of the direct-evaporation method 


described here can provide a quick estimate of the 


possible seriousness of entry of radioactive substances 


into a worker's body during a contamination accident 


By FREDERICK P. COWAN and JEROME WEISS 


Brookhaven 


Healt itetetes 
T) Ve Ve 


URINE as a method of 

body burden of a 
oactive substance or 
stances has been widely 
recent 


ittention has 
rd the 


years. 
been di- 
relatively slow 


material firmly fixed 
To detect the presence 
that 


ble it has 


below con- 
been 
samples taken over a 
in connection with 


n techn ques of some 


ive substance ts first 
there is a period of 
r to the 


on referred to 


setting up 
above 
there is much more copi- 
elimination It seemed 

issume that this rapid 
f elimination could be used 
roughly the seriousness of 
lental 


rption 


ingestion, inhala- 


of radioactive sub- 


methods described here were 


d with this objective, the 


to use relatively small 


and simple processing tech- 


samples 


Vol. 10, No. 2 - February, 1952 


Vational Laborato 


niques and to detect a wide variet 


substances, 


Direct-Evaporation Method 

The simplest method of radioassay 
ot urine is to evaporate a sample to 
There 


ss this 


dryness and count the residue 


exists the inclination to dismi 
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SELF-ABSORPTION of K"" beta particles by 
evaporated urine 


method as useless because of two fac- 
tors seriously limiting the sensitivity 
The first is the 


activity, always present in urine, that 


considerable K* 


will tend to mask the presence of small 
amounts of racioactive substances for 
which one is looking. The second is 
of solids that 


result in self-absorption of beta par- 


the large content will 
ticles by the residue to be counted and 
ace an upper limit on the size of sam- 
ple that can be profitably evaporated 

They are indeed important limita- 
tions but do not in practice mean that 
the method is entirely useless. Let us 
these 


tively and look at some examples of 


consider limitations quantita- 
the practicability of the direct-evapora- 
tion method 

Limitation imposed by potassium 
content. Naturally 
sium gives off 28.3 + 


occurring 
1.0 beta particles 


potas- 


because of the 
that has a 
O.011°. <A 
12.7 per 100 
are emitted but their effect on 


per gram per second (1 
radioisotope K* relative 
abundance — of smaller 
number of gamma rays 
betas) 
urinalysis is ordinarily negligible be- 
cause of the low efficiency of Geiger- 
Miller tubes for gamma-ray counting 


Since the composition of urine varies 
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the fraction of the 





area under the 


curve lying above the energy noted TABLE 1 
Results for all zones ! 


were uveraged for 


Assay of Urine Samples 
lfor after  Fission-Product-Contamination 
the value of X Incident 
While not entirely 
method seems to 
expe rimental determin 
sorption cannot be mi: 
rhe limitation 
tent may be illust 
ical sample 


of 94 dpm 


samp 


150 dpm of K‘ 


arbitrari tukel 





imount of a radioactive substance has 


been taken into the worker's body 


eontal 3,000 


ibility of the method is 
lemonstrated by citing 
its use 

mixed fission prod- 
worked wit 
uncer i lpm ea for ‘nd got his 
: presence of spurious act 1. By the 

nd 


ib time a! nd-and-foot-counter 
6.000 dpm, dav | ‘ vie 7 


excreted it 


1d the assistance of a 
whose K elimination nothing is kn is sought 
Limitations imposed by the solids id to hi 
content. Jecause of | present 


in urine, the size of 
counted alter 
imited Phe 


tion de pe nds o1 


rays emitted 


question 


nec | -vaporatiol 
without an ur irably corres 


24-hour 


for self-absorpt 


first, third 
In practice 


incident are 
residue from 


1 2 ny ive ra rhe average K* 
but, when interpreting the ) deduced from the 
must bear in 

omponents Ww letected 


vs showed that 
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TABLE 2. Assay of Urine Samples after Air-Contamination Incident 


Solids 
counted 


grams 


71 
10 
70 
63 
58 


29 
oo 


ob 


to Ww to 


tN Ww Ww H&S to tS te 





oung fission products of a 
ture were involved 
be noted that, to be effec- 
1 of urine for this type of 
| be started immediately 
lent. By the third and 
the incident noted, the 
had 


pped to a point where it was 


ition of activity 


by this method 

nitial adjustment of the 
tubes used to plac e samples 
the air of 


en reactor 


vuild ng became con- 


exposure Was 

evacuation olf 
ill amounts Of activity 
on nasal smears taken 
As a 


urine sam- 


duals pre- 


isure, 50-cm 
first 24-hour elimination 
«d and counted with the 
n Table 2 

ve, the range of values 
32 to 192 
this 
been 


of solids is 
from 


had 


concluded 
tf activity 

cant 

results were ob- 


negative 


ise where activity was 


ory by a minor 
“1 These nega- 
reassuring in such 
iable activity is 
direct-ev iporation 
ilvtical methods for 

or suspected contami- 
ible, quantitative urinal- 

f course, be made after the 


elimination has subsided 


Removal of Potassium 


ce the presence of potassium 
limits the sensitivity of the 
method of urinalysis, it 


to seek a method for 
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removing it. Removal must be done 


in such a way as to remove a minimum 
of other substances and not add to the 
weight of the dry residue to be counted 
complete removal of 
potassium has been achieved by pre- 
cipitation with sodium cobaltinitrite 
Although this method has lost favor 


for quantitative determination of potas- 


Practically 


sium, it is very useful for the removal 
of this substance from solution 
The first 


1 em* of IN nitrie acid per 100 cm® of 


acidified using 


urine 1s 


urine. Cobaltinitrite solution (1 gm 


5 ecm?‘ water) is then added to the urine 
and allowed to stand for 2 hours before 


filtering ; 2 em 


is sufh- 


of the solution 


cient to remove all potassium from 
a 100-cm’ sample, even of high potas- 
sium content. Even in a sample of low 
potassium content, the unreacted so- 


add 


ilready 


dium cobaltinitrite does not 


objectionably to the solids 
present in a 100-cm* sample 
This 


potassium 


reaction Is quite specific fo! 
The only other substances 
removed are lithium, thallium, and 


ammonium salts. 


Removal of Urea 

If the potassium is removed from a 
urine sample, the solids present become 
the chief factor limiting the sensitivity 
for detecting radioactive contaminants 
since they limit the volume that can 
and counted. Some 
this 


be processed 

improvement in aspect m 
removing the urea 
10% of 


be removed 


achieved by 
constitutes about 
present It can 
action of nitrous acid, according 
following procedure 


1. Acidify the 


5 cm$ of sulfuric acid per 100 em® of 


urine sample with 


urine 
2. Prepare barium nitrite solution 
15 gm/100 add to the 


em*) and 


acidified urine by means of a dropping 
funnel. If the addition is 
properly adjusted and the sample is 


rate of 


stirred, objectionable frothing can be 
held to a minimum. 

3. Remove the 
precipitate by 


resulting barium 


sulfate filtration or 
centriilugation. 

Isotopes of barium, strontium, and 
lead 


with the barium sulfate, a 


will be coprecipitated 
fact that 
somewhat limits the usefulness of this 


possibly 


proc edure 


Discussion 

The sensitivity of the direct evapora- 
tion method can be increased by about 
a factor of 10 by removing the potas- 
sium Since this can be done rather 
simply without greatly increasing the 
solids left 


recommended : 


alter evaporation, it) is 
s a standard procedure 
when making analyses of this tvpe 
Removal of the urea, as a means of 
reducing the solids, makes possible an 


increase in the size of the sample 


processed. It is certainly a far less 
profitable refinement than the elimina 
tion of potassium since no more than 
a twofold increase in sensitivity results 
However, it may be worth while in some 
CUSeS 

Since the details of urinary elimina- 
immediately after 


tion by humans 


acute exposure are not in general 


known, an accurate evaluation of the 
body burden will usually be impossible 
by the method 


the exact 


described even when 


nature of the contaminant 


is known. However, by considering 
the elimination data available for some 
substances, 


of the more toxic one can 


usually establish a range of activity 
in the first day’s elimination that can 
be considered as unimportant. 

alter 


effective 


substances 
half- 


lives have disappeared and elimination 


levels, 
short 


For higher 


with relatively 


is from a fairly steady internal dis- 


tribution of the contaminant, a sensi- 
tive quantitative urinalysis may be 
made and the best possible interpreta 


tion of the results carried out 


was supported hy the ¢ 


Commission 
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FIG. 1. The a-c powered low-drift electrometer FIG. 2. Rear view of the electrometer chassis 


A Simple Low-Drift Electrometer 


Very small currents can be measured with a vacuum-tube voltmeter that 
uses an electrometer tube. Described here is an a-c model that is 


compact, moderately sensitive, rugged, and inexpensive 


riment 


al Labo 


nswer the need To 


(H AND INDUSTRY ire 
the Oak Ridge 


ling new uses for sma ! 
Q-826-B Electrometer was ce lrift 1 ting from a change in battery 


‘devices. In many insta! 

The Q-S2 i compa t Pig ost | s : rh 
surements must be re« | Phe Q-826-B i pa i batteries have a slight 
eason the mechanical el powered instrument tha 


ich as the Lindemann 


it one time were stal 


8350.00, even 
juantities 
in many researc] irly perature changes 


rapidly being rey voltage chang 


truments equiring frequent adjustin . t ! Dp | has been minimized 


zero, Its simplic of design nd n this circuit by making the grid bias 


yperation is ind d by the presence proportional to the plate voltage 
on the of o1 ree controls his is accomplished by using the drop 
and a sens neluding the on-off sv | Cro i resistor in series with both 
ts accurate measureme! \ rear view 10V 1 Fig egs of the bridge as the bias voltage 
rents of the order of im > If. o 


Stability | hird possible cause of drift is 


current measurements «cd The most diffi roblem inve peculiar, and as yet unexplained 


wwever, it is 


either the fast respons n the design of vact enomenon in electrometer tubes If 


eters Is » ODA adequate stabi t plate voltage is applied before the 
kv, R. K. Swank, R. Gre te is t btain : phate 4 Pi 


18. 208 (144 Figure 3 shows the cireuit of a simple ithode heats up the tube has a 
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Performance of the Electrometer 





Full-scale voltage sensitivity............ : 0.25 volts 


Full-scale current sensitivity 2.5 x 10~"* amperes 


Minimum current that can be accurately measured 10~"* amperes 
(instrument used as null indicator) 
POUR PE re oe PE ee es Fae eS + 1% of full scale 


‘ 


Drift (after 3 min warmup) 


Linearity 


3% of full scale for first hour 
2% per hr thereafter - 





the tubes are aged in this manner 


ours. This is necessarily mean good drift compensa If 
carefully matched, the 


ng 


the plate tion since the wide variation in , and then 


two after the trometer-tube characteristics matched pair will drift in the same 
is been applied. highly improbable that the desired direction at approximately the same 
n Fig. 3 results can be obtained by nerely rate, thus providing good drift com- 
pensation. The more closely any two 


tubes are matched, the better will be 


rangement 1 
ributing factor to pu king two tubes at random 

ange in resistor The tubes should be aged 

temperature minimum of 72 hr and then carefully their drift characteristics. The tube 

ager used at ORNL is shown in Fig. 5 

market grid and plate voltage. The tube ager Since less than 15 ma is required to 

plates supply both filaments and plates, it 

quite easy to obtain sufficient 


‘re are many matched as to plate current for a giv 
his respect should be so designed that all 

ble cause of instability and grids are in parallel with 6 volts was 
tosensitivity of the electrom- on the plates and 1!¢ volts on the grid. regulation by cascading a VR-150 with 
tube. To eliminate this, the 


iust be shielded from light. 





A-C Model 

iodel Q-826-B, compensation 
within the tube has been 
the placement of a 
rometer tube in the oppo- 

bridge (see Fig. 4). 
1 sub-miniature tube 
by Victoreen, was chose 
ilability at the time, 
resistance (10'* ohms), 
onies, and low grid cur- 
filament current is 
10 ma, the regulated plate supply 

ild be used for filament power 
The triode was preferred to tetrodes 
and pentodes so that another critical 
iItage adjustment on the assembly 
line could be eliminated. Also, wide 
22.5 volts 
, — 
67.5 volts 


tion between the screen and plate Chamber 
— : 


itions in tube characteristics as a 


vari 


result of changes in current distribu- 





make tetrodes and pentodes undesir- 


able where long-time stability is 








required 
The addition of the second electrom- 
eter tube to the circuit does not FIG. 3. Circuit of a simple single-tube electrometer 
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VR75 70 volts 











10- mv 
recorder 








. 4, Circuit of the model Q-826-B a-c powered low-drift electrometer 


egulation 


eter rea 


Filament safeguards. 


ty 


energ 

set of 

relay energiz 

aiter a 
ents the 
cathode 


mperature 


which close 

few seconds delay. 

drift that results 

does not reach operating t 


before the plate voltage is applied 


38 


Use as a voltage amplifier. 
though the 5803 is u I 
ance-matching devi 
mous current gain 
advantages to be 
as a voltage amplifier, directly 
to a cathode follower. The 
f the cathode 


fo}] | 
POMOWer TAKES POSSIDIE 


the use of a much large ii more 


reliable meter than the small 20-ma 
meters that are « 

plate circuits 
By div 


the electrometer tube 


iding the cur 
follower, optimum oper 
for low grid current 
and long tube life cat 
The curves in Fig 
grid current and the degree 
obtained when the 5803 tube 1 
current 
At thi 


current is 9.5 


ated at reduced heater 


1.2-megohm plate load. 
load, the filament 
Since J, is a linear function of E 
the entire operating range, the « 
ture from linearity as a result o 


current is zero. It is also apparent 


that the displacement from zero as a 
result of grid current when using a 
10'*-ohm grid resistor is less than !5% 


of full scale. Grid resistors larger in 


ilue than 10'* ohms should not be used. 
current in this 


this 


The average cathode 
ipplication is only 12 wa. At 
value no bad effects result from reduec- 
g the to 9.5 ma, 


filament current 


The average tube life to be expected 
under these conditions is from 15,000 to 
20,000 hr. If good stability 
ti the 

iging and selecting the 12AU7 tube 
j 


balanced 


Is essen- 
sume care should be exer? ised 
is was used in selecting a 
ur of 5S03 tubes 
Remote ion chambers. Thie ver- 
of the instrument is increased 
ion of a ganged switch, 
where the source of 


Cases 
remote from the instrument, 
<d to switch the input cireuit 


from the first electrometer tube to an 


additional 5803 tube mounted directly 


it the source of current. Jon cham- 
bers can then be removed to distances 
of the order of 100 ft without increasing 
time of the instrument 


the 


the response 
The closed 
return enables one to plug in a poten- 


circuit jack in grid 
tiometer and use the instrument as a 
null-balance electrometer. 

Insulators used. The 
used play an important part in deter- 
and stability. 


insulators 


mining the sensitivity 
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Parallel leakage paths have been cut 
to a minimum. It will be noted in 
Fig. 2 that the cable connector on the 
shielded compartment at the right 
end of the chassis is directly opposite 
the selector switch. This permits the 
electrometer grid to be tied directly 
to a bus bar between the switch and 
the connector, thus limiting the parallel 
leakage paths to three. All insulators 
in the input circuit are of the highest 
quality commercially available. The 
cable connector is an IPC-9700 with 
Teflon insulation. The leakage resist- 
ince of this connector is better than 
10'* ohms, and is not affected by 
humidity. The selector switch is one 


of Centralab’s ceramic series that has 


been impregnated with polystyrene. * 


The average input leakage resistance 


including the tube is approximately 
1.5 & 10'* ohms 

Response time. The only step 
taken in the design of this instrument 
to reduce the response time was to 
minimize stray capacity in the grid 
circuit. The RC time constant of the 
nput circuit is approximately 10 sec 
when the 10'%ohm range is used. 
Every additional micromicrofarad of 
capacity added by the ion chamber 
means an additional second in the 

constant Therefore, the cham- 
should be mounted directly on the 
ectrometer to eliminate cable capac- 
his is not possible, an input 
tube can be located at the chamber and 
connected by cable to the instrument. 
This method is recommended for any 
resistors above 10°° ohms if the 
hamber is to be remotely located. 
Use as a null indicator. When the 
s used without the recorder, 
of accuracy and in- 
creased sensitivity can be obtained by 
substituting a sensitive galvanometer 
f the 200-ua meter. Thus, by 
potentiometer in series with 
esistor on the grounded side, 
rument can be used as a null 
to read the JR drop across 
resistor. Currents of the 
10 ampere can be easily 
curately read. 

Some of the instruments in use at 
ORNL have been recording activities 
continuously for eight months without 
being serviced. Some of them have 
gone for weeks with less than 1% drift 
in zero. In fact they have earned the 
nickname ‘“‘the poor man’s reed.’’ —enb 


*\F.M. Glass, Rev. Sci. Instr. 20, 239 (1949). 
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FIG. 5. Circuit of the tube ager that 


is used at Oak Ridge National Laboratory 





Plate supply = 22 volts 
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FIG. 6. Voltage and current characteristics of the type 5803 electrometer tube 














TABLE 1 Rate of Excretion of C'* Following Injection of TABLE 2 Specific Activities of Tissues at Periods After 
NoaHC''O; into Mice (18 uc Injection of NaHC''O, (18 uc 


lt 
0.18 
0.02 
oO OOo 
1) oo 


0 OO 





The Hazard 


The most popular of the radioisotopes, carbon-14 
is employed in hundreds of laboratories. When used 


with caution and as an experimental tool, it is 


considered nonhazardous. Evidence and new data to 2. Retention of bicarbonate 


is tisst 


support this conclusion are reviewed here, together lepends on the exchange and o 


CO). fixatior 


with a discussion on the nature of the hazard 


By HOWARD E. SKIPPER 


B } { 


WHEN Cat N-14 first be e ava basic experimental ¢ 
to bear on the « 1 ira 

serpin Ga Valineahaterieas atte Carbon Dioxide and Bicarbonate 

The two C'-containing subs es Brues and Buchanan (7) have pro- 

led information on the retention of 

C™ by fixation of inhaled CO, gas 

They observed that the lungs absort 

CO, very efficiently in spite of the 

ass movement of CO, in the opposite 

changed. former can be inhaled cl ind = direction It appears that the amount 

When em ed at 1 eXpE barium carbonate can, wl drv, be f CO, absorbed to reach equilibrium 

mental levels with re é ecau nhaled t dust or aeros« t is also vith the blood bicarbonate depends on 

tions, C'* is now gener 1 1 te pparer hs im omar ‘labeled the specific activity of the alveolar 

l, 


be nonhazard t of ranic compounds the biological fat itmosphere and thus is largely inde- 


assumption } paper preset! ertain f oto} oxidation to ‘ pendent of the CQ) concentration in 
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TABLE 4—Total Body and Skeleton Radiation Calcula- 


TABLE 3 Per Cent of the Total Injected C'‘ Retained at 
tions on NaHC''O; Injected Mice 


Various Periods 


0.07 
0.027 0.033 
0.022 0.021 
0.009 0.016 
0.004 0.008 
0.003 0.004 
0.004 
0.004 
0.002 


erated level estimated at 0.05 r per day 





of Carbon-14 


Suchanan — tribution and turnover o 
wing ex- fore ided periods tul *), almost all disintegrations are 


excelient geometry of this Geiger 


rate com- Bloom, Curtis. and il orded, allowing for estimates of 
ts uptake, and the showed by autoradiogr ibsolute activity of CO, from oxidized 
of its incorpora- that the bones of rats i d tissue samples 

ady state, BaC™Os (75 to 100 we iined Adult) mice were injected intra 

ts in the tivity at 16 weeks. Sections of r peritoneally with IS we of NaHC'O, 
g tissue and, of course and kidney gave fairly 1 tuto 2.5 mg of sodium bicarbonate with a 
ontinuous over a radiographs at 3 days and 2 weeks, | specific activity of 600 me/mole o 
were negative after longer intery irbon This is approximately a 

lequately demonstrated Armstrong, Schubert, and len Wr man-equivalent. The specific 
ction of the C'™ baum (2) in studies of the dist: on etiy 
tissues, blood, and bone were then 


ities of a number of samples of 


bonate injected into of radiocarbon administer 
determined at 24 and 48 hours, | and 


thin a short time bonate observed retention 
y 5, and 9 months 


>GVO°) in 4 sues, bones, and teeth at 6 day ! n 2 weeks, and 1, 3, 4 
‘ From these specific activities 


gives certain certain cellular constituents at 40 days 


1 on this sub- We have carried out certain exper 


tamed 


ind knowledge of the tissue weights, 


ments designed to obtain quantitative estimates of the total activity in each 


the data on CO, fixation, from tissue sample were made 
f the C™ in blood tissue, organ, and total body After 3 months. none of the soft 
onsoling However, it ean be estimated (4, 6 7 tissue retained significant quantities 


so that later assavs were limited to 


it to know something to carry on these experiments 
; 


long periods, and to avoid use of exc bone. Bone activities have now been 
"it Was necessal followed as long as 12.7 months (7 


Certain of the data on this subject have 


and duration of tissue 

‘ following the intake sive amounts of ¢ 

ibeled with this isotope, to employ extremely sensitive counting 
been selected for illustrative purposes 

i exposure of tissues to Using the pring iples deseribed by in Table 4 

from C'™ are dependent Miller (8), Dr. Locke White, Jr., of Calculations on the per cent of the 

total injected C'* from NaHCO, 


rbonate. The degree techniques (7) and small animals 


on and turnover, both Physics and Physical Chemistry Divi- 


turn dependent on the — sion, constructed a gas-phase appara- retained in the body and the skeleton 
metabolic system in- tus, which has allowed us to determine at various periods are presented in 
C'™ eontent of Table 3 


ts dynamic state. Tissue rather accurately the 
njection Knowing the approximate amount of 


sure data can best be obtained by mouse bones one year after 
NaHCO Jecause of C'* in the body or a portion thereof 
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lowing the quantitative gross dis- of 18 ue of 
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Bone Section: 24 Hours Bone Section: 6 Months 


FIG. 1. Bone section and autoradiograph from a mouse at 24 FIG. 2. Bone section and autoradiograph from a mouse at 6 
hours after injection of 18 uc of C''-bicarbonate (No-Screen months after injection of 18 uc of C''-bicarbonate (X-ray film 
X-ray film exposed for 30 days prior to development) exposed for 5 months) 


jected mice in plastic, and then grin bone autoradiographs from mice sacri- 


2 weeks, and 5.8, 6.2, and 6.3 


ing about half way through the bor ficed 

These sagittal sections were then placed months after injection with C'*-bicar- 

close ontact with No-s« i bonate IS pe ised on total ac- 
tivity determin on on correspond 

yones in the same mouse, calculations 

been made on total activity per 

millimeter of ‘‘active’’ bone and 

the approximate degree of radiation 


! day received | 


These 


course 
vy appreciated 
all of the 
contained 


is nota 





TABLE 5 -Radiation Received per Day by "Active’’ Volume of Bone at Periods TABLE 6 Particle Size Distribution of 
After Injection of NaHC''O. (18 uc a BaC''O; Aerosol Measured by 
Microscopic Inspection 


100 
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TABLE 7—-Specific Activities of Lungs after Exposure to an Aerosol of BaC'O; 


Period of 
exposure 


min 


Time of 


Specific activities (uc/mole C 


Lungs Spleen Kidneys 


Immediate 03 


24 hr 
iS hr 


7 days 


20.000 
1 hr 
3 hr 


200.000 


Immediate O4 


005 
005 
005 


Immediate O2 


03 
005 
<0. 005 


0.01 0.005 


Immediate 05 


24 hr 
24 hr 


individual mice sa 


O16 
005 


crificed at indicated intervals 


TABLE 8—Specific Activities of Ex- 
haled CO, from Mice Exposed to a 
BaC'"O; Aerosol 


Specific activity 
Period of exhaled CO 
days 
0 0.31 
l 0.06 
2-% 0.11 
5 0.09 
6 <0 O1 


ue/mole ¢ 





TABLE 9 Effects of Injection of 
NaHC'"O, (18 uc) on the Pattern of 
Death from Spontaneous Leukemia 


VaHC'%0, 


Controls 
Mortality 13/13 15,15 


Average age at 306 days 308 days 


leukemic death 
Standard devia- 


tion from mean 51.2 days 79.0 days 





‘bicarbonate into mice, 
shaft cells were receiving 
day, but that after 4 
itive” bone was 


Since the 


aren 
it 0.04 r/day. 
permissible 


day, it 


iXimum 
tissue is 0.05 1 
it an 1S-ue dose for a 
mic man-equivalent) 
which is 


radiation 


the allowable level 


Barium Carbonate 


1 C'™-barium 


Phe sible hazard fron 

d by the labora- 
s been a source of con- 
has studied the rate 
C™ administered as 
peritoneal injections 
d that in 


30-600 


pre- 
minutes 
im carbonate 
ings and 
found in 
retion of the 
rapid, about 
d C** being 
ind about 
roximately 
netivity Was 


ipparently in 


not understand why 
ible to demonstrate 
all tissues 


his 


re was obvious whole- 


xation in 


ections since, In 
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sale exchange with body carbonate 

Using a procedure suggested by 
Dr. H. D. Landahl of the University of 
Chicago Toxicity Laboratory, we have 
been able to set up a BaC™QOs aerosol 
animal 
A small amount of BaC'O 
250-ml three-necked 


reaction flask with an appropriate iniet 


of primary particles for ex- 
posures 
was placed In a 
The inlet tube was dt 


and outlet. iwn 


down to about a liter/min orifice 
and inserted through a 
so that 


from the botte 


under 15 psi 
the lower end 
ym of the 


Was then 


rubber stopper 


was about | in 


flask Air 
to the 


pressure ipplied 
affluent of the sy 


but 


15 psi 
while gently 


the flask with 


rapidly tappu 
a rubber- 
bell 


remove 


overed str 


from in electri The 
parte les were 


flasks 


ippeares 
detected by 
ulter it 


means of a 


an hour Was set 
desiccator used as an anima 
Its particle-size distribut 


mated by mici Inspectior 


OSCOpL 


i filar micromete oft settled 


lates; see Table 6 
Mice have 


different specific act 


been exposed to Bal 
aerosols ol 
and sacrificed for tissue ( issi 
various intervals The results 
are presented in Table 7 

In addition 
BaCO, 


exposure 


mice were exposed 


aerosol, removed 


chamber, and placed 


exhaled 
The 
specific activities of the exhaled C'O, 


metabolism chamber where 


CO, was collected for one week. 


are given in Table 8 

These findings seem to confirm those 
on injected BaC'O 
inhaled 


which suggest 


that an particle of barium 
carbonate exchanges its carbon atoms 
fairly rapidly with body pool carbonate 
that inhaled BaC'O 


not as dangerous 


and Is perhaps 
as might have been 


expected on the basis of its insolubility. 


Effects of C'' on Mice 

with Spontaneous Leukemia 
It seems with 

retention 


important along 
studies on the absorption 
distribution, and turnover of C'* when 
administered in various chemical states 
to make some direct observations on 
the carcinogenic activity of this radio- 
isotope 
Preliminary investigations have been 
reported (12) on the failure of a single 
dose of NaHC'O IS pe 
iffect the 


deaths of Akm mice from spontaneous 


a 50-me-man 


equivalent) to pattern of 


This strain of animal, be- 


ieuURCINIG 


cause of inbreeding develops spon- 


leukemia in 100%, of 


about 9-10 


taneous almost 


cases at months of age 
When young Akm mice were injected 
with NaHC'O 


devele ypment 


and set aside to await 
death 
taneous leukemia, it was 

that their deaths 
different from litter-mate controls in- 


and Irom spon- 
observed 
pattern of was no 


jected with nonradioactive bicarbonate; 
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itmos} 


©. or a 7OO-1 
HC'OONa) have 
the pattern 
is ieunemila 
ive Indications 
} 


observed on 


these levels 


} 





n these twe 
alone. One must take into 


such othe factors as ftorm- 


lity, ductility, weldabuilit ivai 





Lit cost, and a number of other 


srtinent properties For many 


itions, the lack of ductility 


le against the use 
as an additional 
nsideratior I heory, one could 


} 


0 O16 . : 
nstruct a number olf tables simuar to 


0.0 

0 00 us one, using a number of properties 
0.19 then obtain the best 
0 02 » cross product of these 


In actual practice 
narrowed down to 





two materials by certain special 
quirements. 

David H.G s } 
Philadelphia, Pa., Decemh« 1961 
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Determinationof Micromicrogram 


Quantities of Radium 


The radium elimination rate from exposed workers 


can be followed by the method described here. 


The lower limit of measurement is about 


0.luug of radium; above 1 wyug, the accuracy is 20% 


By JOHN H. HARLEY and STEPHEN FOTI* 


Hi 


and Evans 

1 toxicology 

on of small 
body may 

\t present, 

is considered 
level for radium 
This 
issessed by a 


in the 


n the body 


monitor- 


er, in 
currently being 
low not 

s e@lmina- 

mated that about 
radium (or about 
e is excreted daily 
ths after exposure (3), 
0.0005 (or about 
tolerance Is elimi- 
chron 
The 


subjects 


ng-standing 
Cases 


when the 


sible level 


t the method of assay 


10 gm of radium 


While this is 
by the emanation 


S. Naval Radio- 
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method (4), the appar 

and must be custom-n 
Tompkins et al ‘ 

in which the 


method hinal 


product is determined by 
its beta activity 
ditions Howe 


to routine 


under controll 
ver, the method is 
suited inalivsis Of sampl 
containing less than a micror 

A method which would be 
s the direct 
the final radium at full e 
with its three alpha-emitting da 
Ames et al *) developer 


for alpha 


sitive ilpha co 


counting of pro 

This method was further develope 

Russell and co-workers for the 

ol radium in urine 5 
The method 


} , 
requiring 4 long elapsed time ol 


ind ey 
dese! hed her 
SIS is economical ol opel it« I 
Any low-background alpha 

may be used. The automatic 


changing scintillation counte 


oped by the Instruments Bi: 
this Division is used for routine 
ses in our laboratory, but is no 


tial for operation of the methoc 


Sample Preparation 

The method of preparation of 
samples for counting is as folloy 

1. Add NH,OH to 200 ml of urine 
250-ml 


in a centrifuge 


bottle until 





TABLE 1 Self-Absorption by RaSO,- 
BaSO, Precipitate 





TABLE 2--Coprecipitation of RaSO, 
with BaSO, at Several »H Values 


—— oe ON Ot Ce 


tw te 


—_—— — oe oe 


-~_—- + IS tS th 











TABLE 3 Statistical Analysis of the Data Table 1. ee SOS Se 
Theoretically, in the decay chain 
e are alphas Irom Ra Rn 

* and Po*'4, and betas from Pb?! 

Sinaia faitore ind Bi?'*, before the long-lived product 
Radius 1,938,422 is reached Thus, the alpha-to- 
Bariut 3,956 hould be two to one The 
pu 561 


Interactions 


Ba * pH 1.654 1.16 , absorption, ignored in routine work 


ratio s 


obtained indicates a slight alpha 


Ra X pH 994 


ta & Ba 5,681 


Statistics 


ta X B { After exploratory work in the final 


11,733 oprecipitation of ces of radium, the 





nd the pu were 
thles to be studied 
experiment. The 
12. Centrifuge and card sup imples w ounted at full equilib- 





TABLE 4-—-Recovery of Radium from | ci ; ; tel det 
natant liquid rium I xperimental data 
Water and Urine Samples [8 Wash un 


distilled water 
supernatant liq 
14. Wasi pre 
o ethy 
discard supernatar 
15. Transfet 
ilcohol onto a 
m in diameter 
rared lanip 
16. Count on 
ilpha counter for one hou three factors w the error 
» statistical 
Process Variables ia al le 
Chere are three majot il I s dard xts or xperimental statis- 





this method of d rmining micro t , n l of the factorial 
ucrogram traces of radium i I periment : n Table 3 

imples These iriab 

1. The completeness 
tion in the thr 

Zz The self-a 

pitate of the 

2. The deg 


s retainec 





TABLE 5--Recovery of Radium from 
Urine Samples 


build-up 


equilibrium 


tion rate wa 


S00 900 an 
10 
105 
110 
105 
SO 


100 
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os given in Table 3 are 
the mean square of the 
mean square of the error. 
the F ratios in Table 3 
tabulated by Fisher 
locate ratios of less than 


and 

tables. the reciproc al value 
t Is that 
the effects of 


seen in the 
barium, 
nteractions are without 
‘he amount of radium, 
| | significant 
tes containing 0.1 ml 
m solution were dried 
lamp and given 40 
The 


isintegrations pel 


full equilibrium 
‘he average disin- 
ute from nine 200-ml 

i nine 200-ml urine 
with the same amount 
Y and OL respec tively 


this data, it can be 














4 6 10 20 40 100 


Time (hr) 


400 |p00 


Build-up of radon from radium 


seen that there is very little difference 
in disintegrations per minute in the 


original radium solution transferred 


directly onto the nickel plates and the 
amount recovered from the spiked 
water and urine samples 

It is 


equilibrium to be reached since 


not necessary to wait for full 
the 
build-up ol alpha activity tollows the 
build-up of radon shown in Fig. 1 
The final activity 
from the fraction, F, of 
tivity time after the 


final cop-ecipitation by 


mav be calculated 
the final ac- 


present at any 


1, \ 
Final dpm = Measured dpn (. = ) 


This expression is valid at any tit 
after a few hours following the fin 
coprecipitation, 

The 
urine samples is shown in Tab 

With the 
of practical determination is considered 
to be 10-! 


count, on 


recovery of radium add 


counters used, the 


gm of radium, for a 60-min 
units having a background 
counting rate less than 0.1 epm and 
geometry of 40% 
The counting statistics 

low-level counting are 
Table 6, 
deviations for 
when the 
The standard deviations gis 


gives the standard 


net 


which 
Various counting 
rates background is 0.1 
epm 
maximum, as the background is 


less than 0.1 


are a 


normally epm ind low- 


level samples are counted for longer 


periods 





TABLE 6—Stotistics for Low-Level 


Counting 
Vet counting Expected standard deviations 


-min 


int 





Thus, for 10 
i disintegration rate of O.SS dpm, we 


obtain 0.35 Fifty pe 


# radium, having 


gm 
sl ould epm 
cent of tests on such a sample should 
be within the limits 0.35 0.06 epm 


ind 95% within 0.35 0.17 epm 
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The Argument for Standardization 


laboratory [for 


iaterials] must 
i standardized 
and 


eal design 


construction are 


ilor-made’ 
following 
personnel 
efficient and 
with incidental 
efficiency in pre- 


1 specifications 
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2. Ultimate delay in com 
construction resulting from ind 
with respect to requirements as we 
design 


additional time requil 


develop “tailor-made requiren 
into construction documents 

3. Increased difficulty in establi 
ind maintaining adequate opm g 
techniques and procedures beca of 
the 


standard 


complexities of multiple non- 


systems with incidental 


ultimate deterioration of operating 


capabilities. 


desirable 
stock of 


which 


the 


maintaining a 


4. Sacrifice of very 
procedure ol 
standard replacement parts 
becomes impra¢ ticable with the “‘ tailor- 
made” systems because of the multi- 
plicity of parts required 

5. Seriously 


struction 


increased initial con- 


as well as maintenance and 
cost from the 


operating resulting 


spec ial systems provided. 
AIA 


sign fo 


Mate 


1k¢ meeting on 
Handling Radio- 
November, 1961 
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“Air Equivalence’ 
of Scintillation Materials 


For scintillation counters to yield in- 
formation in roentgens, the scintillator 
must be “air equivalent."’ The air 
equivalence of common scintillators is 
discussed here from the standpoint of 
energy absorption and crystal response. 
Methods of simulating air equivalence 


are presented 


By WILLIAM B. ITTNER III 
and MICHEL TER-POGOSSIAN 


‘ 


Tip +0g/p + K/p 
. -_- 
a, en Tt 








FIG. 1. Sum of the various mass absorption coefficients of 
H.O as a function of the quantum energy. Plotted points 
represent values given by Marinelli et ol. (8) 


A A 


p p 


In these equations aluminum = was 
taken as the reference element. 
In this manner compatible curves 


f 


vere obtained for the elements of 
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Phototube 
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Lucite 
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FIG. 2. Scintillation-counter housing 
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Modified RCA WV-84A 








FIG. 3 


These curves were then 
1 to give total mass-a bsorp- 
the various molecular 


To verify 


Htamed 


to some extent 
the total mass 
ficient wp was calcu- 
elp ot Compton's 
total to Compton 


p so compounded were 
nsistent with the values 
Handbook of 

The 


ent curve for 


Physics 
mass-ab- 


water Is 


ilong with the curve 


The 


et al 5). 
energies could be 
by a more rigorous 
p However for 


ses, Lea’s approximation is 


f solid and liquid scintil- 
ivestigated to ascertain 
the mass absorption 


ents these compounds ap- 
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Electronic circuit used in experiments 


proximated those of air. It may be 
that at energies 
and 10 


the principal mode of 


expected between 
250 kev 


light elements 


about 


absorption will be by the Compton 


process. Since the Compton mass 
coefficient 
the elements us ZA 


and oxygen should exhibit similar mass 


absorption varies among 


earbon, nitrogen 
absorption coetticients. Hence scintil- 
lation crystals which are predominately 
weight (e. g., anthracene 
should be 
equivalent in this region 

Below 250 kev the 
effect 


Since it 


earbon by 
napthalene relatively ai 
photoelectric 
dominant factor 
Z*°/A, 


between the 


becomes the 
there are 
total 
absorption coefficients of carbon, nitro- 
oxygen. It is in this 
that difficulties 


arise in finding natural air-equivalent 


varies ais 


large differences 


gen, and low- 


energy region 


major 


and must resort 


methods to 


scintillators one 


to devious simulate air 
equivalence 

One procedure is based on the use 
of two different crystals as the detect- 


ing element There are, on the one 


Mev, for the 


hand, seintillating media in which the 
ratio of the medium and air absorption 
coetiicients decreases with decreasing 
energy (as is the case with anthracene 
ind napthalene in the below 
250 kev). On the other 


which the 


region 
hand, there 
ure media in ratio of the 
medium and air absorption coefficients 
increases with decreasing energy over 
the same energy range (as is the case 
with thin caleium-tungstate and potas- 
This 
the possibility of combining two erys- 
tals of different that 
the ratio of the medium and air abbsorp- 


tion 


sium-iodide  erystals suggests 


compe ysition so 


coethicients remains essentially 


nvariant over a given energy range 
Another possible procedure is based 
on adjustment of the physical cimen 
sions of the ervstal to obtain the de- 
sired absorption characteristics. For 
70 kev, 


eX imple in the region below 


the absorption coefficient for air rises 
sharply with decreasing energy (mirror 
ing dominance of the 
effect In this 


the absorption coefficients for calcium 


photoeles tric 


sume energy 


region, 


tungstate and potassium iodide also 
nerease with decreasing energy but at 
i far more rapid rate than the coeffi- 
ments tor air. 


The 


volume of alr 


small 
proportional to 
and the 


where x is the ervstal thick- 


energy absorbed il au 
will he 
the beam intensity 


] t 


ness 


function 


Since uw is extremely small for 
mainly because of its low density 

the quantity (1 e~ is essentially 

ratio 


and 


equal to wr. For a given zx, the 
coefficients at I 
kev (Ek, > Ff 


ich will be 


ibsorption 
will be 
equal to the 
absorbed For he: 
however, the approximation 
wr is no longer valid 
for small 2 itself is 

large The ratio of 
orbed at FE, and FE 


vstal will be proportional to 


hecuuse wu 
energies 


for the heavy 


Me ME 
= scintillating 


ME. air ME» mediun 


then it is possible to select z in such a 
manner that the equation 


Me 1 — e-#e? 


_ scintillating 
1 e7eR? 


ME» air 


mediun 


Further, if FE. kh, 


is satisfied 











Th + op +p 














FIG. 4. Sum of the mass absorption coefficients of air as a FIG. 5. Sum of the mass absorption coefficients of CsH; as a 
function of the quantum energy. Plotted points represent ratio function of the quantum energy. 
of Victoreen-chamber readings to CaWO,, scintillation read- 
ings as function of effective energy 


Plotted points represent ratio 
of anthracene, etc, scintillation readings to those for CaWO, as 
a function of effective energy 


id slee 
magnetic shel 
stuinless-steel 
experiments 


idequate si 


obtamed 
cross sect 
Ss showh in | 


ittention Was g 
ap ol t men 1e! 
anloulations indi i tl Experimental Method 
ip were made « 1m 1 itset As an approach to validatior 
tie what ul iu i ’ ‘ {it , ru , itter 
tributions mace 
ieglected Ui 
er, where an 
ibsorptiol 


Walls, t 
is not great 
ekness of the 

by expe 
ckness of the 
erably withe 

n the seimtillate 

Available 


Malad 


February, 1952 - NUCLEONICS 








Operating Ranges Used for 
Machine in Experiments 


250) * 


230 2 
210 2 
100 

170 
150 
130 
110 
a) 


170 0.95 Cu 
150 0.77 Cu 
130 0 65 Cu 
110 0.50 Cu 
a0 8 0 Al 
70 6 25 Al 


170 





f X-radiation Half- 
surements were made 
ctive energy range 

ion. To cover 

range com- 

rated over 

the table on 


efficient of 


Ing relation 


energy absorbed 
ckness x, J, is the 
lent quanta having 

= the absorption 
absorbing medium 

tr energy NWiv),. Here 
ption coethicients 
isfer to the ab- 
total absorption 


ipton scattering 


© entage of quanta at 


Since we will be dealing 
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FIG. 6. Ratio of scintillation readings to Victoreen readings for various compound 
crystals in range | 


with a distributed energy spectrum, itis example, if one uses a calcium tungstate 
necessary to employ an averaging crystal 4 mm thick, one may show that 
process for the above quantities to about 98° of the incident radiation is 
obtain absorbed in the erystal. Thus photo- 
tube current readings with this crystal 
should) be roughly proportional to 
where /, represents the effective ntensity at or below 250 kvp 
tensity of the beam, and yu, the effective teudings were taken over the three 
absorption coefficient To determine ranges shown in the table, the highest 
T,, it would be necessary to stop allthe reading in each range being set at 
incident quanta and measure the total 100. Since the scintillation meter 
energy given up to secondaries. This reading decreased considerably in the 
mav be ac complished experiment ally lower portion of each range, the operat- 
if wr in Eq. 2 is made large, in which ing voltage of the phototube was 
case the term e # is negligible and increased at intervals to provide ade- 
E=I quate microammeter deflection. By 
al this means it was possible to obtain a 
In practice, one may employ a sufh- ratio of meter readings from 250 kvp 
cient thickness of a heavy crystal, such down, the readings being normalized 
as calcium tungstate, to approximate to 100 at 250 kvp 
this condition. At 250 kvyp, with Equation 2 for air and for those 


2-mm Cu and I-mm AI filtration, for elements whose density is near unity 
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FIG. 7. 


various crystals in range 3 


d ratio- 


etiect 


om- 

ind 
LO! 
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ther 


lower energ 


be explained « 
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Ratio of scintillation readings to Victoreen readings for 





FIG. 8. 


a - 
1O 90 


’ 150 
Energy (kvp) 


Ratio of scintillation counter readings to Victoreen 


readings for various crystals in range 2 


done by Hopki 
i cecreuse nt 
energy increment 
anthracene TI 

evident tl 
For the 


lows, it Is 


s eflect 
roughout the 
purpose ol 
sufficien 
mental data a 
of the theoretical « 
Other 


ssumes 


liquid and 
were investigated in the same n 


such as p-diphenyl | 


Some 
terpheny! 
OCH.CH 
higt 
C,H 


Vol\ 


In p-cdlioxane OCI 
were tried bec ‘ 
oxvgen content 

Because 
ed in the | 
scintillators in 
ind because of 


’ most ot 


ittempts 


the 
to 


use 
u 


wally abandoned 


Simulated Air Equivalence 
igs. 4and 
the ratio of CsH, to air falls off 
oof CaWO 


low! 


Inspection of I 5 she 
250 kvp while the rut 


from 250 kvp 


rises slightly 


crystal Was constructed 
napthalene and CaWO 


Using 


dimensions are s 


n Fi 


ipparent 


iown 
with the ratio of the 


tion coefficients obtained wi 


erystal to those of au 
A similar 


] 


util 


irrangen 


izing inth: and 7 


iene 


*Acr 


used in obtaining the 


stal thinner 


show an even greater ris 


1 


Minne! 


enzene 


LCH 


nt thre 


ototube to 
rvstals One 
pre 


experien 


stals 


ide 
i bonding 

ff the hear 
ient 


with a thermosetting polvester resin? in 


ent wasemployed Varying concentration After 


ition, & series hinders 


iWO, ne 


was obtaine 
W oodstock 
O suppose that 
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to meusure dosage in roentgen ervstals so constructed mav be used to 





necessary that the crystal 1 determine isodose curves if the energies 


© Victoreen equivalent over the energy ral involved lie within the effective range 


* Scintillation counter volved, or in other word : } of air equivalence 
energy range involved ta withir The advantages of the scintillation 


! dosimeter over the Victoreen chamber 


alr-equivalent response 
crystal It would be outsi« } m ire 
| to discuss ramifie 1. Direct readings of instantaneous 


ul 
°o 


tions involved in this respec I rather than integrated dosage are 
sufficient to sav that for peak i provided 
less than 25 cr ma 2. The small size of the probe and 


Sounting Rote 


nN 


oO 


general be t 1 l ole detecting element enables one to ob- 
curves v i W t py tain more nearly point measurements 
range © rystal. T | 3. The sensitivity per unit volume 
the fact I = tl of the scintillation dosimeter is con- 


effective energy ; lep naw siderably higher tha } f the 
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Molded Multi-Crystalline Stilbene 
For Scintillation Counting 


For applications dependent upon the integrated light output 
of the phosphor, multi-crystalline stilbene is as satisfactory as single-crystalline 


stilbene up to a thickness of about 1!» cm. 


Preparation of molded multi-crystalline stilbene is described 


By EARLE C. FARMER and IRVING A. BERSTEIN 


re 


nan stilbene that 
recrystalliza- 
was used in 
ors used 
line stil- 
om the melt 
ated furnace. 
stil- 
rushed 


minum mold 


stalline 

melting « 

oo! at room 

temperatur her s a sufficient 
different I ntr or f the ervs- 
| iminum 


bene 


identical 
ra were obtained with 
ystallized t 
Four rystallizations f1 
ethyl acetate did not 
light output over th 


stilbene 
ncrease 
scintillation 
the twice-recrystallized material 

Requirements for preparation. 
which an 


The major requirements 


organic crystalline scintillating mate- 
rial must meet in order that it can be 
prepared in multi-crystalline masses 
by the simple method described here 
are 

1. The should be 
above room temperature, but not much 
higher than 150°-160° C 

2. The should not be 


readily oxidized in the molten state 


melting point 


material 


Attempts to prepare multi-crystal- 
ne terpl enyl and anthracene by these 
methods failed because their melting 
points are so high (over 210° C) that 
when melted, the 
due to 
tant 


that only 


materials discolored 


oxidation. Even more impor 
crystallization occurred so rapidly 


finely powdered crystals 


oven did not 


resu 


cantly larger crystals 


Methods of Measurement 


The comparison of the scintillation 


operties various forms of 
stalline, multi-cryvs- 


ine ind powdered was made by 


neasuring the total integrated response 
of the phosphors to external radiation 
rhe experimental setup consisted of an 
RCA 1P21 photomultiplier tube with 
high-voltage 


regulated negative sup- 


a cathode-follower circuit, and an 


icating microammeter which meas- 
developed across the 
grid resistor of the cathode 
The deflection of the 


was thus proportional to the intensity 


the current 
follower 


microammeter 


of radiation 

Relative light intensity was obtained 
as a function of the mass of the phos- 
phor the the 
phosphors constant 4 x 1 in A 
this 
horizontal 
the 


the powdered 


section oft 


with cross 
container of 
witl 
amount of 


special aluminum 


same cross section 


spacers to vary the 


material was used for 
stilbene. 
Most of the 


gamma source at a fixed 


results were obtained 


with a Co‘ 
usually 


distance from the phosphors 


30 cm. Measurements were also ob- 


with 
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tained a polonium alpha source 





t issist determining an effective 


the 
crystalline and multi-crystalline stil- 


absorption coefficient of single- 


bene for their own emitted light. 


Data Obtained 

s a plot of light intensity 
iss under Co™ gamma irradia- 
; t slugs of twice- 
vstalline stilbene. 
ts from slug to 
m of the spread 
growing individ- 
alline stilbene. 

10%) at 10 gm 
attributed to differ- 
of the 
crystals in the multi- 


disposition 


ire plotted the data ob- 
multi- 
stilbene 


» single-crystalline 
nd powdered 

radiation. 

ses are surprising in that 


The curves 


seems to 
than the 


mass 
| single 
a thickness of 1.5 em. 
expected at larger masses, 
light 
The crushed stilbene 
is the single 

but bevond that 

has 


own 


tal generates more 


effectively 
emitted 
ype curves on naph- 


ianthrene have been 


2) who gives 


Kallmanr 


ntensity versus thickness for a 
the imper- 
by melting this 


pulverized crystal 





of Different Types of Phosphors 


TABLE 1—Advantages and Limitations 


ttations 
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tal r t pulse siz Large crystals limited by 


Single erysta 
cost and difficulty in grow 
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state limits some 


Liquid 


ippli ons 


villest light pulse | 


ently developed plastic 


osphor reports light pulse 


valent to solution phos 


Molded multi-ervs Approximately same pulse 


stilbene is liquid seintillators 





resuits ilso t obtained from the pPlasti phosphor 


Kallmann’s 
powder and crushed crystal givin of the same mass. In Fig. 3 plateau 
light at 
single-crystal 
that quench 
distortions in the singl ! the pl 


important Mev) and Se ~0.2 Mev 


more small thickness n curves of counting rate versus voltage 


the 


vests 


material lustrated for single-crystalline 
and 


~1.2 


internal stilbene, multi-crystalline stilbene 


from istic phosphor under Co 
may be gamma 
radiation 

A slightly different experimental ar 
with the 


thus 


Comparative measurements on inte 
grated light output and pulse height of 


terphenyl-polystyrene phosphor 3 rangement was emploved 


multi-erystalline stilbene were single-crvstalline stilbene, and 


Co* 


the multi-crystalline stilbene ex] 


and 


made. Under gamma radiation these results are not directly com- 


ibited parable to those of the multi-erystalline 


an integrated light output eight times ind plastic phosphors. The plateau 
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grams) 


Light intensity as a function of mass for multi-crystalline 
Dotted curves represent spread obtained on five slugs 
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FIG. 2. Comparison of single-crystalline, multi-crystalline, and 
crushed stilbene 
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Economics of Steam-Temperature 


Selection in Nuclear Power Plants 


Optimum power-station steam temperatures must be determined 


in conjuction with the design of the nuclear reactor. 


The range 600-800 F 


is the most economical where heat is supplied by a dual purpose reactor 


By ROGER D. ELLIOTT 


{tor ky y Resea 
Vorth A 
Do 


AN EVER-REC 
design of powe pl 


able material as 


erature 


URRING 


fuel Is 


h Department 


tion, Ine 


question in the 


ints that use fission- 


How 


must be 


high a 


used to 


nt economically feasible?” 


ittempt to answer this ques- 


yal hs 
inaivsis 


is been made in 


f optimum steam tem- 


LINE 


ons where 


] 


| of the 


i 


bles not 


rgeable 


in electric 


power! 
il steam tempera- 
in the range 600 
heat is 


the power- 


nse to } 


be the case where 


r reactor to supply 


subsidized by sale 


products formed 
extended to cases 
the 
to the ac- 


cost of 


generating plant 


nalvsis used is the 


f electric power 
rower station 


costs 


not 
nto three 
ost, operation 
ost These are 
Primarily as a 
temperature in 
» then syn- 
cost per unit 

n based mostly 
and therefore 
unstated local 
but 


be eliminated 
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that the con 


basically 


it is believed 1usIOnSs 


The 


results 


reached are sound 


quantitative accuracy of the 
may be improved at a later date wher 
more specific data are obtainab| 


e 


Fuel Cost 


The largest single item in the cost of 
electricity produced in steam-electric 


plants is the fuel cost, and this item 


the one most affected by the 


is also 
steam temperature 
The 


power produced may be calculated by 


specific fuel cost per unit of 


the formula 
3,413 F 
100,000 FE 


where C; 


kwh, F 


specific fuel cost in mills 


unit fuel price in cents 
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Binary vapor cycles. 
| . 
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are shown by the dotted lines 


Over-all efficiencies of steam-electric plants (1, 2, 3). 


The probable future trends 
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miscellaneous steam usage. Further- 
more, the efficiencies are yearly aver- 
ages, and include operation at less than 
full load, as well as heat used in keeping 
the boilers hot and ready, which is 
particularly significant for the low- 
temperature plants used for stand-by 
service 

The severe falling off of the per- 
formance ratio at low steam tempera- 


necessarily indicative of 


tures is not 
the performance of a low-temperature 


plant whicl could be designed lor 


with the benefit of 
in the 


continuous service 


nodern improvements state of 
Knowlton (4 


and Vopat (? 


the art Selvey and 


and Skrotzki indicate 
that a ratio of about 0.60 can be main- 
tained down to temperatures at least 


Table 1 
Knowlton f 


was 550° | taken from 


Selvey and shows what 

factors make up this performance ratio 
If the unit fuel price is expressed in 

BTI 


comparison of dif- 


f cents per million 


value, the 


ferent uels is Average 


simplified 


prices of fuels in different regions of the 








FIG. 2. Ideal 
turbine inlet pressures (4, 5, 6) 
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1 pressures 
mercury- 

steam cy operate 


closer t« 


58 


thout 


regenerative-cycle efficiencies for 


nited States are given in Table 2 
1947 


figures are 


the veu 
Where no 


it is generally because the price is 


given in Table 
steam-electric plants for various 


high in that region that no plants 
Therefore, it 


assume that the 


listed use that fuel 
would be incor to 
t gas is 14 cents 


dent 


the disady 


steam pressures 


intages 


extremely higl 
how- 


) e irom 10 


Figure 2 was plotted from data given ver, SRS Sh I sata 


Knowlton. and Hartw 10 cents ng on the locality 


seivey, 
unit of electrical 


Table 3 


ncies at low tempera- 


~ 1 » f » yets per 
>), With extra po! lhe fuel cost ! 


points cale 


the methods of Salisbury (6 as shown 1n 
ntended to serve as a reference 
which the data in Fig. 1 can be cor ure higher than those in the 
The 
assumed to be | in 
better 


plants maintain. 


pared ndenser pressure table, as discussed before, the conclu 
pared. condens press 


Hg, which 
thar ’ paper would not be 


sions reached in the final section of this 


cl re 
somewhat cuum hanged 


the back pre 


Operating Cost 
rhe rati ost of a 


were 2.5 in. Hg 
be lowered about 3% steam 
The ratio of the efficiency electric power exclusive of fuel 
plant divided by the ideal eff mi ost, is roughly as follows (8 


at the rated temperature and pre 
is called the 
measure of tl 


hanical 


Running expense 60-70% 


performance ratio 


Boiler maintenar 10-20% 


gives a thermal 


Turbo-generato 


mec efficien Sicha 5-10% 


ment in the plant 


M scelaneous Balance 


been plotted in Fig. 3 


that few plants obtain more tha Although not usually considered as 


of their ide: fixed in the same sense as the invest- 


Random variab! these data ment cost, it is nevertheless true that 


the condenser » », the the operating cost continues year after 


irrange 


ment of the evel regenerative year practically regardless of the 


mechanical electrical load on the station. This 


et the thern 


efficiencies of the « ponents. and is so because even the plants which 
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run at a low average percentage of 
their rated capacity are generally held 
in hot reserve, ready to supply power 
ata moment’s notice. Thus the wages 
of the supervisors and operators do not 
vary with load factor. 
In view of the above arguments, it 
expected that a better cor- 
data would be obtained if 
yperating costs per kilowatt of 
plotted 
rather than the specific 
ost in kilowatt 
be transformed 


the formula 


ng were against 


mills per 


One can into 


1,000 P 
8.760 L 


specific 


operating cost in 
P yearly operating cost 

per kw rating, L aver- 
rated 
number of hours 


ictor, fraction of 


18.760 
g costs have been plotted 
4 and 5, 
load factor added to Fig. 5 
er than 20,000 kw 
omitted because their costs 
ite high, but study of the 
that the 
kilowatt 
with 


in Figs with lines 


rating 


has shown 
osts per 
ially invariant 
plants 
from Fig. 5 that low- 


ints generally have 

rs than high-tempera- 
The load 
mm of temperature 
understandable tend- 


thei 


factor is not 


works to have 


» plants carry 


the 


rature of a new plant, a 


determine 
load factor on Fig. 5 
rather than the statis- 
Thus the 


rating cost with decreased 


ine 


in- 


less than 


be much 
rwise predicted. Fur- 


plant, even though of 


would undoubtedly 


ving equipment 
» older low-tempera- 


would flatten the 


the cost of power which 


the physical worth 


illed the 


investment 
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FIG. 4. Yearly operating costs for steam- 
electric plants (1). Circled points are 1940 
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TABLE 1—-Factors That Make Up Per- 
formance Ratio 


Performance 
Factor ratio 


Turbine efficiency 83 
Cycle design* 

Operating efficiency t 

Mechanical 


efficiency 


and electrical 
Boiler efficiency 
Miscellaneous losses 
Product 

* Due to a finite number of regene 
stages being used. 

t Due to part-load 
blading, and off-design 
peratures 


ation 
operation, dirty 


regenerator tem- 


TABLE 2—Fuel Prices in the United 
States for the Year 1947 


Cost (cents/million BT 


Region Coal Ol Gas 
34 
eastern 28 
Great Lakes 21 
Southern 27 
20 


34 
35 
12 
33 
10) 


New England 


Upper Midwest 
Lower Midwest 
Mountain 20 
Southwest 
Northwest* 

Averages 26 


* Chiefly hydro-electric power 





TABLE 3——Cost of Fuel 


Top steam 
temperature 
ot efficiency* 


Approximate 


over-a 


160 
500 
600 
700 
800 
900 

1,000 


05 
10 
15 

20 

24 

29 


0.34 


* These values are from Fig. 1 


Using 10-cent 


j , } 
iel Juel 


wh 


Cost (mills 





Using 20-cent Using 30-cent 


fuel 


13.66 20.49 
5.82 2 
60 90 
50 25 
2.80 .20 
36 .54 
00 .00 
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FIG. 5. Specific operating costs for steam- 
electric plants (1, 3). Load-factor lines are 
calculated from the mean line of Fig. 4 
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FIG. 7. Turbo-generator costs for steam-electric plants. The turbines have 1-in. Hg 
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FIG. 6 


electric plants (7 


investment for steam- 
3,7). Circled points are 
corrected for price index at time of con- 
struction; point represents several 
plants. Dotted line is estimate based on 
relative sizes of low-temperature equipment 


Relative 


each 


(hi) 


TABLE 4—Analysis of Investment in a Steam-Electric Power Plant 


Steam Temperature 
Steam Pressure (psia 
Efficiency 
Performance Ratio 
lurbo-generator cost (dollars /kw 
Condensing | quipment dollars /kw 
Electrical Equipment (dollars /kw 
Auxiliary Equipment dollars /kw 
Boiler Equipment (dollars /kw 
Potal Cost* (dollars /kw 
Cost 


Relative 





deprecia- 4. »btaining cooling 
about 15% water 
5. Fuel 
Prediction of » invest re- 6. The 
| I ibor-saving equipment 
i statist al: s 7. The size of the plant 
unknowns, an 


interest -xpense 
UusUaLLY 
handling facilities required 


degree to which modern 


is used 


quired per kilowatt 
to determine from 
hecause of the mar Regardless of these 
of which are ited in the data ilysis of the costs of several plants 


of these are has been mace each cost being 


. Keonomk orrected for the wholesale price index 
onstruction prevailing in the vear of construction 
data were further substantiated 

three points taken Irom an example 

by Skrotzki and Vopat and 


results are given in Fig. 6. 
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It was necessary to reduce the data 
to a relative scale, making unity the 
value of a 700° F plant, in order to 
bring the data of Skrotzki and Vopat 
7) into line with that from the other 
sources (1, 3 The average size of the 
plants included was about 80 mega- 
the 


investment of 


Fig 6 show 


effect on 


watts Lines on 
approximate 
building larger and smaller plants. 
The absolute value of the investment 
is difficult to determine in these times 
but a value of 
$170.00 per kilowatt for a 700° F plant 
the 1947, 
which is the base year for all the other 


of unstable prices, 


is about average for year 


costs in this analyeis (3). 
Tn anata’ 


power 


the ¥arious eleraents of a 


steam plant may be divided 


roughly as follows (3) 


oiler plant equipment 

Turbo-generators 

Electrical equipment and 
buildings 


Miscellaneous 


Outdoor b« which can be used 


if the local 


ilers 
climate permits, cost about 
30% of the total plant, whereas indoor 
boilers come to about 40% of the total 
plant cost 

No information on the cost of equip- 
ment for low-temperature installations 
was available, so an estimate was made 
based on the increases In the s1Zes ot 
the 
iow-temperature 

At 300° F 


would be 


components necessary to handle 


and pressure steam. 
the weight flow of steam 
it least twice what it would 
1,.000° F for the 


bec ause ot the 


be at same power. 


Furthermore lower 
pressure associated with operation at 
300° I 


the specific volume of the steam 


leaving the boiler would be about six 


times as great, so the steam space in 


the boiler and piping might be as much 
is twelve times as large as in a 1,000° F 
plant 


on the « 


The turbine size would depend 
ondenser pressure and steam 
would be 


flow Thus, the size 


than doubled for the 


more 
same condenser 
pressur some sacrifice in 
the need for 
offset 
the 


The sizes of the 


cepted 
» could be 
in the selection of 


nser pressure 
cal equipment and of the build- 
eed not change significantly with 
the 


ency, the heat rejected to 


temperature Because of 


vater would be greater 


more cooling 


expensive 
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the 
above that the lower end of the curve 


It was on such reasoning as 


of Fig. 6 was estimated, and it is 
believed that the estimated cost, if it is 
in error, is too low rather than too high. 

The rise on the high-temperature 
end of the curve is probably attribut- 
able to the better materials and work- 
manship that must go into high-tem- 
least 
at no 


perature plants. However, at 
one plant was built for 1,050° F 
higher a cost than a 700° F plant, so 
the curve shown is not the final word 
This plant had a semi-outdoor boiler 
which helped to reduce the costs some- 
what, and it was also a large plant, 
having turbo-generators of over 100,- 
000 kw rating each. 
Turbo-generator costs (Fig. 7) show 
the rise in cost of high-temperature 
units, and also the savings possible by 
the These 
apply only for the pressures stated on 
the 


higher exit pressures, although smaller 


use of large units costs 


figure. Turbo-generators having 
cost almost as much as those that dis- 
charge into a vacuum, because a large 
part of the expense is for the generators 
the 
other components not dependent on 
the Atmos- 
pheric-exit turbines cost about 85% 


and for controls, bearings, and 


steam exit dimensions. 
as much as those shown in Fig. 7 
When specific data are available, an 
analysis of the investment costs may 
the 


be made in shown in 


Table 4 (7) 


manner 


Combined Costs 

The specific costs of power for plants 
having 90% load factor and an invest- 
$170.00 per kilowatt at the 
700° F have 


ment ol 
reference temperature of 
been calculated by the use of Eqs. 1 
2, and 3 
tion 


A yearly rate of deprecia- 


interest, insurance, and taxes 


of 15°% has been assumed (3, 7 Fuel 
prices of 10, 20, and 30 
million BTU heating value were used 
The results are plotted in Fig. S 


cents pel 


The combined results in Fig. S show 
that little to be 


increasing 


there is gained by 


steam temperatures over 
1,000° F if the fuel price is lower than 
10 cents per million BTU. If the fuel 
is free, or if its cost is paid by funds 
not chargeable to the power station, it 
is most economical to build and operate 
a plant at about 600° F to SO00° F. 

A horizontal line drawn through, say 
the 6-mill kwh 


is a possibility that a plant having as 


line shows that there 


low a steam temperature as 350° | 
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FIG. 8. Combined specific costs for steam- 
electric plants 


modern high- 
the 
perature plant does not have to pay its 


fuel 


for such a low-temperature plant would 


may compete with a 


temperature plant, if low-tem- 


own costs. But the machinery 


be abnormally large and may be 


difficult to 
turers geared to making conventional! 


obtain from manufac- 
equipment, 
the limiting 


factors in the possibility of increasing 


Furthermore, one of 
the total power supply in this country 
is the rate at which new turbo-genera- 
tors can be built. In view of this, it 
would not be in the national interest 
manufacturing 


to put a drain on 


facilities by having large-size, low- 


efficiency designed and 
built, if 


equipment would serve the purpose as 


equipment 
smaller, high-temperature 


well,or better. 
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Possibilities of Fission-Product Cesium-137 
For Telecurie Therapy 


By W. S. EASTWOOD high proportion of soft gammas which 
leotopes Dit ’ may require filtering, whereas cesium thickness val 7.5 gm/em? and 
Er Re h Estat ( gammas are monokineti 25 gm/cm?, respectively, corresponding 
H I Concentration in a small volum to lead of 6.6 mm and 21.9 mm. Our 
seems feasible, although : wh measurements on a small source 
chemical technique would be show a simple exponential attenuation 
possibly using an ion-exchange resi! which confirms these figures. For such 
Assuming a half-life of 33 4 sourt f SO ¢ s, the shield thick- 
carrier-free cesium atoms weigh about =n ieed only be about 2'¢ inches 
12 myg/curie It might be po DI 0 TI Vill give ¢ onveniently compact 
concentrate 50 curies into a volur 
several cubie centimeters; this i 
typ if Acknowledgement is made to the Director, 


parable in size with other 
A.E.R.E., for permissi to publish this note 


telecurie sources 
The A’ factor from 
curves (3) for a quantum energy o BIBLIOGRAPHY 
0.66 Mev gamma is about 3.9 r/hr/me 
at lem. Taking the 12% converted 
gammas from this giv ; of about 
3.4 or 0.57 
50-curie 
at 10 cm 


Glendeni 





Constant Geometry 
For Dead-Time Determinations 


By LUTHER E. PREUSS 


sper 

ved On maintaming 

i juxtaposition ol 

g the counting-rate 
Radio 

G-M counters frequently t prot 1 of reproducing geome- 

the resolving time or dead time of thes try for ind ny. counting 

troublesome. How- 

that routinely have 

mor 1-inch-disk 

R t t-up such as a 

Medical Application shielded “leas r’’ or sample tray 

entrate = : j ol ake quick dead 

determinations thout the need 


ldition ecial equipment 
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The 
along 


a Di 


flat copper planchet* is cut 
ts diameter into two segments 
Ar Notcher similar cut-off 


tool is satisfac tory for this operation). 


or 
notches are filed into each 


each planchet half. These 
the 


facilitate later removal of 


segments in planchet 


nts from the holder by means 
int 


ts are cleaned chemically in 


After being halved, 


manner and an aliquot of 
solution pipetted on each 
indentations are made in 
he planchet holder to match 
the planchet hhlves, as 
illustration. 
cle rs are a\ 
25 } 
rim 
of the 
halves are positioned. The 
be located with the aid of 


marks on the slide or tray of 


ercial ho 


ne used here is brass 


meter with a 0.7-mm 


periphery which 


‘he geometries of 
thus 


segments are 








Notched corners 


—_—— 


¢~Rodioaoctive aliquots 


ndexing marks 





Plonchet holder-— 





Planchet troy or slide 








Position of planchet halves in holder. 


Geometry of each source is simply reproduced by 


means of the holder rim indentations and the indexing marks 


simply reproduced for the n 
N;2 counts 


ind 
Long-half-life sources such as Co* 
will provide a permanent set-up which 


may be used over a long period 


topes with shorter half-lives such as 
I'*! and P** are useful in that a series 
of determinations, each separated by 
about a half-life, will indicate the dead- 
time dependence on count rates 





Apparatus for Administration of Colloidal Gold-198 


By D. L. TABERN, G. |. GLEASON and R. G. LEITNER 


Department of Radioactive Pharmaceuticals 


wies, North Chicago, Illi 


nows 


linical use of 
gold-198 


it has 


in @x- 
become 
is a need 
that 
will 


easy han- 


lor 
ratus while 


rator allow 


ind 
an apparatus 
the intra- 

eural, or intraperitoneal 
n of colloidal Au'**. This 
s equally to 


radio- 


1or 


adaptable 


perations with other 
It has the following features: 
mits the accurate measure- 
rile transfer of calculated 
the shipping container 
stration equipment 
the of 


freely disposable tubing 


ves use readily 


icerlab Inc., Boston, 
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3 Since 


except 


all active material is kept 


momentarily, in close fitting 


shields, and operations are conducted 


from a suitable distance 


personnel 
For 


exposures oO! not ove! 


exposure Is at a minimum a dose 
of 125-150 me 
4-10 mr are received by the operator 

4. Active 


never 


material is, moreover 


more than a few inches above 
table height, an important factor in 


preventing spills and contamination 


Design Consderations 
While the 0.96-Mev beta 
emitted by Au'®® are mainly responsi- 
ble for therapeutic effects, the isotope 
also emits 0.4-Mev 
that complicates handling. 


partic les 


radiation 
About 2 
cm of lead are required to reduce the 


gamma 


intensity of this gamma radiation to 
&% of its unshielded value. With an 
unshielded 100 
me, the gamma radiation at 3 in. is in 
excess of 1,500 mr/hr. 


therapeutic dose of 


Shielding and 


remote operation are used to cut 
operator exposure. 

AEC call for 
definite limits on dosage, reasonably 
accurate measurements must be made 
of the volumes used. For this reason 
use of prefilled containers is not to be 
countenanced. Moreover, the 


volume given into a tumor should be 


Because allocations 


since 


the tissue 
of 


based on the amount that 
hold 
dilution must be possible. 

We 


wherein the colloid was suspended in a 


will well, varving degrees 


promptly discarded methods 
shielded inverted flask on a stand and 
administered The 
Also 


consider 


solely by gravity. 
hazard of spillage is too great. 
for direct tumor infiltration 
able pressure is usually required. 

To achieve the pressures required 
for direct infiltration, 


tumor most 


workers are using a lightly shielded 
syringe such as that by A. S 
Aloe Oe. Mo., 
depend on speed to keep exposure at a 
We have found that 
such a syringe is too heavy. 

Dr. 


constructed a heavily shielded syringe 


63 


made 


and St. Louis and 


reasonable level. 


M. Ter-Pogossian has recently 





which ren 
is connec 
with he 
ng.* Tl 
permits the 


pressure 


Equipment and Its Operation 


>The eq 


Lipper 
20. or 
pound 


tumin 


gh that 
storage 


nverted 


ovel re 


Removal from shipping bottle. 


ttle is frequent 











Remotely operated 
I~ pipette 


C 


slass rod from syringe 


19/38 $ 


reas becker 














Souce pan 














Puncture Stick 
and Delivery LU 





Mecsurement 





FIG. 1. Puncture stick for opening shipping container, remote-control pipette for 
measurement and transfer of colloid, and dilution and delivery unit used in infusion 





To potient 











FIG. 2. Complete apparatus for dilution and delivery of colloidal gold to patient 


size between 
onserve shield- 


st advantage 


s pipetted into 


saline solution 

Particularly 

colloid is quick rther protected 
munner to stainless-steel 
i lead COVeI!I 
Infusion apparatus. rted on a cart 
I | i fie iv\\ \ I ition room 


tapered 


ite outlet alr 


been prepared and 
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Berkeley SCINTILLATION 
COUNTING HEAD Model 260 


A directional gamma detector with 2” lead 
wall shielding and 3” lead piate with 13,16” 
aperture. Utilizes a thalium-activated sodium 
iodide crystal. Built-in cathode follower de- 
livers output pulse to drive any scaler of .25 
volt sensitivity. Plateau length is approxi- 
mately 100 volts with Co gamma source; 
plateau slope is approximately 2% per 100 v. 


sted 


Berkeley UTILITY SCALER Model 110 
As a universal laboratory instrument for nuclear work, 
this instrument provides direct reading of results in 
digital form. Resolution to 5 microseconds, counting 
rate to 1,000 cps, and capacity to 999,999. Regulated 

high-voltage power supply of plug-in construction provides a continuously 
variable output from 0 to 2,500 volts. A simple reversal of parallel connections 
converts to a negative supply variable from 0 to —2,500 volts. Scaling factors 
of 100, 200 and 400 are provided with corresponding output signals available 
at standard accessory socket, to drive external regis- 

ter, metering circuit, computer, or other auxiliary 

device. Provision is also made for predetermined 

counts of 1,000, 2,000, 4,000, 10,000 or 20,000. 

Standard accessory socket permits use of predeter- 

mined timers, loudspeakers, other accessory devices. 


COUNT RATE COMPUTER 


Model 1600 Converts random count information from any scaler into 

average counting rate. “Memory effect’ of conventional count rate meters is 

eliminated: response is exceptionally rapid. Selector switch provides three 
ranges of 4, 40, or 400 cpm. Counting rate is indicated on the front 
panel meter. 


berkeley COUNT RATE RECORDER 


A standard 1-milliampere recorder provides a permanent trace of counting rate. 


* FOR COMPLETE RB 
INFORMATION erheley Sienisi Corporation 


on Berkeley instruments, please 


write for Bulletin N110 2200 WRIGHT AVENUE © RICHMOND, CALIFORNIA 
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Infusion operation | 


bottle 
j 


star 


they 
tongs dur ; ur nat 


acid They 


on with 
again with- 
essen the 
tubing and 
} 


needie or I t ire oO essentially 


free fre ' 
posable t 


with wast 


thinly shie 
disposal 
The 
syringe 
thus pls 
the rang 
radiatior 
shield 
outside the 


L may wel 


Refinements 


Two refiner 


have proved 


cate, V, of G mounted 
air bubbles may be reme 
tubing and actua niusion of non- 


started to check the 
of the tube 


idioactive saline 


patenc\ entering the body 


cavity) Rapid change from N to G 


serves to initiate Injection ol the gold. 


This is obviously necessary the 


equipment is used for intravenous 


administration in leukemia 


2. Hav ing the syringe in its extended 
position and keeping L open results, in 
effect, of the gold by 


in the transfer 


hydrostatic pressure only 


with gradual 
dilution taking place. At the end of 
the infusion, the air in the s 


is used to force all liquid 


out of G 





Carbon-14 Dating Used 
in Oceanography Study 


tate of movement 
basic parameter in ocean 
determining water migration. Spe 
ulation over a number of years on 
rate of turnover in ocean-bottom \ 
has placed the figure all the v 
tens of years to 10,000 or mor 
( rbon-14 measurements il 
by Dr. J. L. Kulp at La 
Observatory Cr 
N. ¥ 


ears lor water 


mont Geolog 

Palisades 
7,000 ft near 

1-Atlantic I 


found 
f 10,000 ft 


Wis 


The accuracy OF measurem 


150 years.* 


One of the 


problems in this 


ig 
determination was the collection 

sufficient water for measurement Ap- 
proximately 300 gallons were taken on 
each of two expeditions with apparatus 
built by Dr 
tanks 
down by 


Each tank 
the 


Kulp. Large cylindrical 


both ends. were sent 


open at 
bottom 
100 ft 


cable to the ocean 
was fastened about 


above bottom-coring rig. Lids 


on both ends of each tank were hinged 


and, when shut by the 


triggering 


mechanism, were kept tightly closed 


by strong springs. The tanks were en 


tirely watertight 


water collected 


In processing 


sulfur ease the 


jescribed here were 

tadiocarbon Measu 

ed at the Ame 
ement of S 


Dec. 28, 1951 


carbon dioxide contained in the water 


Then carbon-dioxide-free nitrogen is 
bubbled through the water in the tank 
This nitrogen stream carries the carbon 
dioxide from the water in the tank to a 
suitable absorbent (a 
The 


hen sealed and brought back to the 


pound of 
CO.-loaded 


as- 


carite ascarite Is 


In the laboratory 
is added to the 
the CO,, 


reduced to 


hydrochloric acid 
absorbent to release 
which is then purified and 
pure carbon by the use of 
nagnesium metal. 

the 
is coated on the inside 


To make the age measurement 
purified carbon 
screen-wall Geiger counter placed 
12-ton shield that, in 
inction with a battery of anticoir 


ide a iron 


» counters, reduces the effect of 


c radiation on the measurement 


the sample is counted for four 


1e accuracy of the age measure- 


fairly recent samples is + 100 


An ocean-water sample ob- 


1 from the surface of the water 
used as a control; it gave a result 


with that obtained with living 
ms obtained from man 


TECHNICAL BRIEFS 


® Silicone oil should be used « 
diffusior 


lower the 


iretully 


Vapor 


pumps uy 
secondary 
coefficient, according to A 
Lempicki and A. B. MeFarlane in 
Vature 167, 813 (1951 


can 


Lission 


® Accelerator beam intensity meas- 


urements with “r’’ meters are affected 
by the surroundings at high energies 
At Case Inst 
that 


fected readings even though the meters 


ute of Technology, it was 


found fluorescent radiation af- 
were placed between the source and a 


block of lead. 


® Proper joint fit-up is one of the most 
mportant factors in obtaining a strong 
thin 
walled tubing with the inert are pro 
ess. R.S. Zeno and H. L. 
AE CU-1546, recommend 
fit, with the joint 


leak-tight joint when welding 
Leslie, in 
that a press 
witha vapor- 
pha TeASII igent, be used. For 

zirconium oxide or 


electrodes should 
is preferred to 


type-347 stainless 
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(( 7), NEW SAFETY-DESIGN 
\°—_7) FUME HOOD for handling 


ie / 


Y/Y Radioactive Isotopes 
+ 


Design approved for use by Oak Ridge Institute of Nuclear Studies 


Air foils at hood face allow air to enter without turbulences. 


* Low Velocity . . . operates with less than half the CFM of air needed 
on a conventional type hood. 


Air current directed across working surfaces removes heavy gases. 

* Entire interior of hood is stainless steel for easy decontamination. 

* Steel grating supports working surface, giving load carrying capacity 
up to 400 Ibs. per sq. ft. 

* Equipped with blower switch, warning light, and “over load” warning bell. 
All service controls outside—no reaching in. 
Outside measurements: Height 9 ft.; width 6 ft.; depth 3 ft. 6 in. Five inch 
Stainless Steel Sink welded into top. 


Precision built by Kewaunee Mfg. Co., one of America’s oldest and largest 
makers of fine Laboratory Equipment, including all types of Stainless Steel 


Equipment for Radioactive Laboratories. 


We also manufacture Laboratory Tables, 
Sinks, etc., for all types of Laboratories J. A. Comaieatl, Peosident 
Representatives in Principal Cities 5083 S. Center Street Adrian, Michigan 
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Automatic Feedback Control, 


Atomic Energy in War and Peace, by 
Capt. Burr W. Leyson, E. P. Dutton & 


York, 1951, 217 pages, 


lar treatment ol 
shima and Bikin 


statements on atom 


pictures of the 


ises that the serious 
nt to take as the 
For instance 


radioactive 
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Energy Sources. The Wealth of the 
World, bug f ! ! 


The Measurement of Radio Isotopes, 
Il) | | \\ 


Principles of Quantum Mechanics 
Nonrelativistic Wave Mechanics with 
Illustrative Applications), by W i 

V. Houston, MeG H Book ¢ 

| Ne | q + ISS 1 


a6 \ olume ! the Internationa 
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THE PERKIN-ELMER 


INSTRUMENT DIGEST 


le tior or of the articles appearing in the Fall issue of THE F 
ENT NEWS put ¢ Th F 


a quorterly pu ation oO e Ferkin- 


ame Photometers, Continuous Infrared Analyzer, Low-Level Amplifiers—as 
ical Equipment, Replica Gratings, Thermocouples, Photo- 
Lenses, Crystal Optics, and Special Instruments for the Government 
For further information, write The Perkin-Elmer Corp., Norwalk, Conn. 


PERKIN well as Astrono 
turers of scientif nstruments—infrared Spec- 


Universal Monochromator 


graph 


ophoresis Apparatus 





Norwalk, Conn. 


January, 1952 


Vol. 3, No. 2 





New Optical Principle Improves Instruments’ Performance 


Model 99 Monochromaior and Model 112 
Infrared Spectrometer Have Double Pass Feature 





1—Model 99 








double pass” principle in 
ge of radiation four times 
sm of a Littrow-type mono- 
tead of results in 
romator performance with 

tor cost and simplicity 


twice, 


This principle has been 
idvantage to two new 
ments. In the new 
Pass Monochromator, 


New Instruments 


tion of high spectral 
maximum utilization 
tical components with 
1ical complication. The 
hromator has also been 
the source unit and 
of the Perkin-Elmer 
red Spectrometer to 
Infrared Spectrom- 


iges of the double pass 


of scattered radiation; 
ral resolution than could 
a single optical system 


ensions 





You can receive 8-page Instrument News. 
Write The Perkin-Elm rporation, Dept 
NU. Main Av e (Route 7), Norwalk nn 
Featured in the Winter issue are 
, PRINCIPLE 
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(3) great improvement of signal-to-noise 
ratio for a given spectral resolution 
Because of the double passage of radia 
tion in the new monochromator, disper 
sion is doubled, and scattered radiation is 
reduced to a negligible amount through 
out the ultraviolet, visible and infrared 
range. Energy per spectral slit width is 
doubled, times the efficiency factor of the 


instrument (.75 for infrared) 

The Model 99 is essentially the Perkin- 
Elmer Model 83 Universal Monochroma- 
tor plus the double pass feature 


Optical Path—Light entering the en 
trance slits is collimated by the off-axis 
paraboloid on the prism (Fig. 1). After 
one refraction the beam is reflected by the 
Littrow mirror for a second refraction by 
the prism. The returning beam is brought 
to a focus by the paraboloid between the 
two halves of the corner mirror. The cor 
ner mirror sends the beam back through 
the system slightly displaced so that after 
a second traversal through the paraboloid, 


prism and Littrow portion, the beam is 
brought to a focus on the exit slit. A radia- 
tion chopper is inserted after the corner 
mirror so that signals produced in the de- 
tector by first and second pass radiation 
may be separated 

Performance data of the Model 99: 
Resolution 

Better thon 0.5 A at 2500 A (quortz prism) 

Better than | A at 5000 A (glass prism) 

Better than 2 cm ' at 1000 cm ' (NoC! prism) 
Scattered Radiation 

Less than 0.1% throughout the range 
Range 


From 2000 A to 40 microns (with suitable prisms) 


New Infrared Spectrometer—The advan- 
tages of the double pass monochromator 
for infrared spectroscopy are of consid- 
erable importance. For qualitative work 
the improved resolution means greater 
discriminatory powers for the spectrom 
eter (Fig. 2). Thus more nearly similar 
materials may be better detected by infra- 
red methods, or structural analyses may 
be carried further 

For quantitative measurements, im- 
proved resolution is also valuable. From 


Double Pass 6 w water 
vapor spectrum 


Single Pass spectrum 
under same slit 
conditi 


itions. 


Fig. 2—Model 112 


a consideration of Beer's Law, the more 
nearly monochromatic the spectral band 
used for measurement, the more closely 
will a plot of absorbance vs. concentration 
approach a straight line. Of more impor- 
tance for accurate concentration determi- 
nation, is the practically complete absence 
of false radiation 

All of the other features of the Perkin- 
Elmer Model 12-C Infrared Spectrometer 
are retained in the Model 112. Accessories 
for Models 12-C and 21 may be used with 
Model 112 

The double pass feature may be added 
to any Perkin-Elmer ModeP 83 Mono- 
chromator or Model 12 Spectrometer 
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Here’s why those in the know 


_~demand 


Quarter-turn rugged Acme thread 
or quick, easy disconnect 


Pin and socket contacts are 
Precision machined from solid bar stock 
electroplated with silver or gold 
e 


Split shell makes wiring and ™\ 


inspection jobs easier 


CANNON 
ELECTRIC 


Since 1915 

Cannon Electric Company 
Los Angeles 31 

California 


Station 


CANNON 


Full-floating socket 
contacts relieve 
strain on contacts, 
provide smoother 
operation. 


cal research and widely used throughout the 
electro-mechanical and electronic instrument 
fields 

The design and construction details in the 
Cannon “K” Series are typical of the care 
Cannon takes in producing more than 18,000 
precision, multi-contact connectors to serve 
the exacting needs of industry. 

We will gladly send you engineering bul- 
letins describing each of the many basic 
types of Cannon Plugs if you will briefly 
describe your applications. 


Diagram at left sh : four positions of 
able entry on the lar K"’ endbell make 
the wiring job easier r con- 
nect ve ther t 


Type “K" and “RK” connectors are avail- 
able in 7 shell tyg having 8 diameters. 
Inserts have more tt 190 

rangements. Some of these have 
Twinax or Thermocouple contacts as stand- 
ard. Integral cable clamps available in all 


K"’ plug types 


Series in Pure and Applied Physies 
To be reviewed 

Applied Atomic Energy, by K. Fearn- 
side, E. W Jones and | N 
Press, Ltd 
S 6d 4 


the Technical Trends Series 


Shaw, 
London, 1951, 
book in 
To be 


Temple 
i + 156 pages 


reviewed.) 


OTHER LITERATURE 


Supplement 2 to ‘Nuclear Data" (Na- 
tional Bureau of Standards Circular 
199). Issued November 26, 1951, this 
is the July, 1950 


supplement to the collection of experi- 


to January, 1951 
mental values of half-lives, radiation 
energies, relative isotopic abundances 
nuclear moments, and cross sections 
compiled by the NBS Nuclear Data 
Group (Katharine Way, Gladys Fuller 
Marion Wood, Karin Thew, and Alice 
Jurgens It contains a new class of 
information not included in Supplement 
1, that is, a vear’s list of fission and 
NBS Circular 499 


Superintendent of 


ulation papers 
is available from the 
Documents, GPO, Washington 25, D. ¢ 
$4.24; this price includes three supple- 
ments (the second of which 1s described 
above) that include data reported during 
the three sir-montl periods ending July 1 
and July 1 


are mailed automat- 


1950, January 1, 1951, 


a] Sup 
] Pi 


lement 


ically to purchasers of the circular 


The Role of Engineering in Nuclear 
Energy Development (TID-5031 

Pamphlet containing the proceedings 
of the 1951 Oak 
posium held at Oak Ridge, 
Aug.—Sept., 1951 (509 pages 
of Technical Services, Dept. of Com- 


Washington 25, D. C., $1.40 


tidge Summer Sym- 
Tenn 
Office 


merce 


Recommendations of the International 
Commission on Radiological Protec- 
tion and of the International Commis- 
sion on Radiological Units, 1950 (Na- 
tional Bureau of Standards Handbook 
17). Pamphlet containing 29 pages of 
recommendations adopt d at the Sixth 
ongreee of Radiology 


together with best available data on 


International ¢ 


permissible amounts of radioisotopes 
the body and specifications otf con- 
treatment 


$0.15 


for radiological 


GPO Washington % D.C 


ditions 


Control and Removal of Radioactive 
Contamination in Laboratories (Na- 


tional Bureau of Standards Handbook 


18). This 24-page pamphlet was pre- 


pared by the Subcommittee on Waste 
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Decontamination of the 

ttee on Radiation 

ides the best avail- 

for laboratory per- 

leal with and prevent 

1a n the lab and on their 
GPO, Washington 25, D. C., 


List of 30 Patents Released for Public 
Use by the AEC (Vol. |, No. 15, De- 
cember 18, 1951). Jssued by Chief, 
Patent Branch, Office of the General 

S. Atomic Energy Commis- 


tton 25. D.C 


Planning and Organizing for Radio- 
logical Defense and Civil Defense. 
I | for CD planners 

rest. professional per- 

detense programs 

blishing courses, 

courses, are con- 

tained 11 mpanion manual entitled 
Training Plan Courses in Medical 
Aspects of Atomic Warfare, Medical 
Aspects of Radiological Defense, and 
Radiological Defense for Monitors. 
Available ithout cost from the Council 
mergency Vedical Serv- 

Association 


10, Ill 


Monte Carlo Method, edited by 
Householder (National Bureau of 
1 Mathematics Series 

blication contain- 

rs read at the recent 

the Monte Carlo 

the University of 

It comprises 

n the work done in 

s with this interesting 

impling theory and 


GPO Washing- 


Three Charts for X-ray Diffraction 
Studies, pu hed by Illinois Institute 
Techr } charts offer a 
Indexing 
to deter- 
lattice pa- 
on charts 
ve\ und \ VW 
the book “Study 
ind Its Applica- 
nal and hexag 
plotted up to 
wit! iXial ratios 
2.6 The cubic 
plotted up to 
Vetals Re- 
Research 
f Technol- 
ii va) 
10, No. 2 - February, 1952 


mechatronics 


a typical military application 


ADAPTERS \ 9X” by 
ANGLE OF ATTACK <n el 





IRE CONTROL 
RANGE SERVO 


AIR SPEED COMPUTER 


D YAW STABILIZER 


Mal-tdalehiceliliss 


or Servomechanisr 


oh Me tielilelelge| 
servo 
WTolal-1eM-1(-1a@igelilie 
>chanical systems 
fulfills the urgent 
need for 
* Spatial Adaptability 
* Instant Maintainability 
* Training Simplicity 
* Ease of Assembly 


A typical Servomechanisms, inc., assembly 
using packaged functions 


ERVOTIU2C/UONISMS 1 


es 1 


El Segundo, Calif. * POST AND STEWART AVES., WESTBURY, N. ¥.* Ft. Lauderdale, Florida 


eg 
2 Mae 
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NUCLEONIC EVENTS 





The electric light bulbs in this picture show the first known use of electric power from nuclear 


energy. 


They were lighted by electricity from the generator at the right which, in turn, was 


operated on heat from the Experimental Breeder Reactor—Arco, Idaho, December 20, 1951 


Experimental Breeder Reactor Used to 
Produce World's First Nuclear-Generated Electric Power 


produced by means of a nuclear reactor for the first 


eCKs ago 


iccording to an announcement from the 


In a trial run on the experimental breeder 


more 


Building housing the 
Experimental Breeder Reactor 


72 


than 100 kilowatts were generated and used 


ittached to the production of powe 


rom this reactor at this time, according 
to Dr Walter H. Zinn 
Argonne National La 


Was designe The 


director of 
boratory where 
the pile pring 


funetion of the 1 breedir 


the long-range goal of converting non- 


fissionable material into fissionabl 
material more rapidly than nuclear 
is consumed 


The 


cidental 


powel 
states the 
out to 

information on > Na 


high temp 


generation 
AN 
carried secure 
metals at 
radioactive conditions 
extraction of heat fr 
useful manner. 
The reactor is now presumably 
iting at full power rating since 
‘Tenth teport to Con- 
gress,” the AEC said that exper! 


Semiannual 


mental 


of a nuclear 


amounts of power would be produced 
only when that point was reached. 

It may be some time before it is 
known whether the “breeding” opera- 
tion is successful. The reactor, which 
is the first 


operate with “fast” 


major one designed to 
neutrons, is using 
enriched uranium as fuel and a blanket 
of natural uranium around the core 
as the ‘‘fertile”’ 


breeding take place. 


material in which 
The 
of fuel burn-up will be compared with 
the which the 


may rate 


rate at nonfissionable 


uranium-238 in the natural uranium 


is converted into new fuel, fissionable 
plutonium 
The reactor itself and its principal 
components were erected at the Idaho 
the Argonne Na- 
with H. V. Lichten- 
the project The 


Cleveland, designed 


Testing Station by 
tional Laboratory 

berger as engineer 
Austin Company 
the building and some of the reactor 
system. Construction at the site was 


by the Bechtal Corporation, San 
Francisco, under the 
the AEC’s Idaho 
headed by L. E. Johnston. 

Total construction 


$2,700,000 


supervision of 
Operations Office 
was about 


$2,500,- 


cost 

Approximately 
000 was spent by the laboratory over a 
research and 


lour-veal period = for 


engineering development 


cost 


line, 


Included in the construction 


ire water supply, leeder power 


road, excavation, fabrication 


access 

structural steel and yard develop- 
ment, in addition to construction of the 
reactor building, cooling system, power 


Also 
is the architect- 


take-off apparatus ind controls 


part of this figure 


f 


engineering work and fabrication of 


reactor components 


Como Selected as Site of 
European Nuclear Center 


Representatives ol delegates from 


twelve nations attending a recent con 
ference in Paris to discuss plans to set 
ip a central nuclear physics laboratory 
n Europe have selected the Italian 
city ol Como as the site for the center 

To be supported by various Western 
European nations, the work planned 
for the 


research 


center will be nonsecret, basi 


include the erection 


ind the establish- 


Plans 


reactor 
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institute for advanced 
study at the Work 


to complete the center will probably 


ment ol ain 
nuclear center. 
take about six vears. 

toward the 
idvancement of European cooperation 


Great Britain, moving 


in research, announced at the confer- 
ence that she is willing to make avail- 
ible to the nations represented the 
400-Mev synchrocyclotron now nearing 


completion at Liverpool University. 


Kellogg Gets $75-Million 
Contract for Paducah Piping 
The M. W. Kellogg Company, New 
York, announced last month that it 
had been awarded a $75,000,000 con- 
tract for the 
erection of the 


field-fabrication and 
process and auxiliary 
piping and related equipment in the 
two major gaseous-diffusion units now 
well underway at the Atomic Energy 
Commission’s plant at Paducah, Ky. 

The processing sections of the plant, 
considered the ultimate in complexity, 
50,000 000 


will require pounds — of 


special piping designed for resistance 
ig well as low-temperature 
on. The Paducah 


K-25 installation at Oak 


cOrrosiol 
units are 
r to the 

ch is set up for separating 
and 


specially 


inium hexafluoride 
through a 


engineered during 


Uranium Feed Materials 
Processes Undergo Survey 


Ato! 
rized an intensive survey of 


Energy Commission 
feed materials production 

1 has announced that the 
onstruction Company of 
will conduct the work, 
rticipation of the technical 
Houdry Process Corpora- 
cording to a statement by 
Kelley, manager of the 
York Operations Office, 
which must be completed 
mths, ‘is part of a compre- 
ogram designed to improve 


processes W herever 


possi- 
velop new ones.” 
phase f the 


survey W ill 


economic and engineering 
uranium feed materials 
ering those still under 
as those already 


In addition, it will 


is Well 
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include an investigation of related re- 
search and development work through 
the AEC and a review of all published 
data on uranium technology 

The over-all survey will attempt to 
determine in what areas of the uranium 
production chain research and develop- 
ment work should be undertaken, how 
existing processes might be improved 
and what pilot-plant operations should 
be initiated to test out new processes 

Whitney Weinrich, 
engineer for Catalvtie at the 
Feed Materials 
now construction near 
direct the 


chief process 
Production Center 
under Cincin 
Ohio 


project. 


nati, will survey 

The design and engineering contract 
for the new Center, originally awarded 
to Catalytic in November, 1950, has 
been expanded to include process 


development, design, and procurement 
for two additional production units 


South Australia Plans 
Atomic-Energy Plant 


Australia 
is expected to take its first steps soon 


The government of South 


toward establishing an atomic energ 
Government officials are pres 
ently word Director 
of Mines, 8S. B. Dickinson, on the 
results of his visit to the United States 
to obtain data on the 
latest atomic-energy developments 
The that the 
contemplated plant will be 


plant 


awaiting irom 


and England 


government hopes 
ready for 
operation within ten One ot 
the first steps will be the installation 
of a sink float mill purchased in the 


years 


United States and expected in Sout] 
Australia early this 
will be used for separating uraniun 


year 
from waste material 


Blaw-Knox to Do 
Atomic-Energy Research 


Stating that “special attention will 


be given to development of industrial 

applications of atomic energy,” EF. W 

Forker, head of the Chemical Plants 

Division of Blaw-Knox 

Pittsburgh, Pa., last month 
f 


the organization of a 


Company 
innounced 
Research and 
Development Department within the 
division 
Among the 


will be the 


functions of the new 
study and 


processes Dy 


department 
evaluation of new 
H. B. Coats has been appointed dire¢ 


tor of the department. 


Cobalt Source for Cancer 
Ready for Shipment 


Last month the Isotopes Division 
of the Atomic 


reported that the largest radioactive 


Energy Commission 


source ever produced in the United 


States for treatment of cancer in 
humans was ready for shipment from 
Oak Ridge. A_ 1,000-curie cobalt-60 
source, it is being sent to the Los 
Angeles Tumor Institute, Los Angeles 
Calif., which purchased the source for 
less than $10,000 

The metal cobalt-60 is in the form 
each 3.2 em long and 1 


of six rods 


em in diameter. The total weighs less 
than '» Ib, but 


shielding 


because of the heavy 
necessary tor protection 
against its intense radioactivity, it is 
a special lead con 
3,000 Ib. The 


designed by the Tumor 


being shipped in 


tuiner weighing con- 
tainer 
Institute 

The cobalt 


reactor at the 


was 


was irradiated in the 
Oak Ridge National 
Laboratory, which is operated for the 
AEC by the Carbide 


Chemicals Co 


and Carbon 

\ similar but less powerful cobalt-60 
source Was procured through the AE(¢ 
vear by the 
Rated at 
this source is being tested 


Division last 
Institute 


Isotopes 
Chicago Tumor 
340 curies 
and probably will be used in Chicago 
later this year for treatment of cancer 


President Nominates 
Zuckert to AEC 


Eugene M. Zuckert, Assistant Secre 
tarv of the Air 1947, has 


been nominated by President Truman 


Force since 
for membership on the Atomix Energy 
m. The 
confirmation by the Senate, was made 
to fill the AE¢ 
December by the resignation of Sumner 
T. Pike. The term Mr. Zuckert has 


named for June 30 


Commissi nomination, awaiting 


vacancy created in 


been 


1954. 


expires on 


IN BRIEF 
eT he prin ipal results of recent talks 


between Gordon Dean, chairman of the 
U'. S. Atomic Energy Commission and 
Lord Cherwell, Churchill's 


ad ier on 


Winston 
atomic during ha 
with the Minister to this 


country, was a proposed meeting of a 


energy 


visu Prime 


group of British and American scientists 


73 








energ) 


} 
tau ré 


undation 
its 400 


1952-3: 


10.000 
ing glass 


8700000 


ind instal- 


SHO O00 


advanced 
healt! 
of an 


sot 8 
oto pe 


\I. W 
ins for 


5.000) tons 


@e The 
fusions | 
has been ¢ 


bon Chen 
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270 Radioisotopes Shipped from Brookhaven 


in First Year of Operation 


National 


released 


The Brookhaven Labora- 
last month 
show that the BNL 


270 radioisotopes for 


figures to 
led 


reactor supp 
shipment to 
different research organizations during 


1951, its first full vear of reactor 


These do 


clude the several hundred isotopes used 
} 


operation. higures not in 
Vv staff scientists of the laboratory 
The 


reatest 


institutions that received the 
from 


Harvard 
Mass 


number ol 


1951 


shipments 


were; 


Brookhaven in 
{ 


niversity Cambridge 


60 


New York, 44; 
Veterans Administration Hospital, New 
York, 44; Massachusetts General Hos- 
pital, Boston, 29; New York University 
Medicine, New York, 29; 


Massachusetts Institute of Technology, 


Columbia University 


College of 


Cambridge, 13; 
Institute 
York, 12. 

Among the radioisotopes supplied 
were 100 shipments of sodium-24 and 91 
with half- 
lives of 15 and 12.4 hours, respectively. 


and Sloane-Kettering 


for Cancer Research, New 


shipments of potassium-42, 


University of California Medical Center Opens 
New Radioactivity Laboratory 


\ novel 


installed in 


radioactivity center has 
the first 
completed as part ol the new $21,080,- 
of California Medical 
Fran The radio- 
laboratory up in a 
four-story unit of the Medical Sciences 
Building the the 


whole medical center 


been 


unit to be 


000 University 


Center in San 


wetivity set 


smal 


will serve needs of 


for radioisotopes 


in research, d and treatment 


iwnosis 
The only one of its kind in the West 
the 


adioactivity center will be 


directed 


| 


I Kenneth G,. Seott, assistant pro- 


Its 
university 


fessor of experimental radiology. 
operation is supported by 
funds, and exercised 


supervision 1s 


by a committee composed of Dean 
lroy Daniels, School of 

Dean Willard C 
Dentistry; and Dean Francis Smyth, 
School of Medicine. 


Pharmacy; 


Fleming, College of 


Dean Smyth, speaking for the com- 
mittee that the- 


center offers the individual investigator 


said radioactivity 


- 


CARNEGIE TECH ACCELERATOR STARTS OPERATION. Under construction since March, 
1948, the $2,500,000 synchrocyclotron at Carnegie Institute of Technology in Pittsburgh, 


Pa., was recently declared 


‘open for business.” 


Mesons have already been produced, 


according to Edward C. Creutz, director of Carnegie’s Nuclear Research Center, and 


protons of 400 Mev have been observed 
magnet, which has 191.65-inch pole tips 


Martyn H. Foss designed the accelerator’s 
Funds for the machine were made available 


by the Buhl Foundation, the Office of Naval Research, and the Atomic Energy Commission 
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» $60,000 in specialized 
juipmen ind the advice and aid 
of a staff experienced in the use of 


I scliolsotope s 


NUCLEAR NEWSMAKERS 


Edward R. Trapnell has been granted 
leave of absence as associate director 

f the AEC’s Division of Information 
to serve as head of a nine-man 

of the Interdepart mental 

Internal Security, the 

rged with coordinat- 

rumans program 107 

irity information and see- 

rity classifications are not 


ised on nonsecurity matters 


Frank H. Spedding, director of the 
Institute for Atomic Research at Iowa 
has been named to 

1952 William H. Nichols 

American Chemical So- 

rk Section. Theaward, 

rhest in American chemis- 

made to Dr. Spedding at an 

n New York on March 14. 


Enrico Fermi, of the Institute of Nu- 
Studies, University of Chicago, 

s awarded an honorary 

tor of science by the 


f Rochester 


Ernest O. Lawrence, designer of the 


1 University of California 
ntly received the $1,000 
Prize for Scientific 
y the Scientific 


rica 


Edward C. Lloyd has been appointed 
t t hief of the Office of Basic 
ntation of the National Bu- 

He formerly served 

ne engineer with the 


nt's Bureau of Ships 


Eric T. Clarke, Marvin G. Schorr, and 
Arthur J. Stevens, al! forme: Assoc 
t th erlab, Inc., have organ- 


eal Oper 


Mass 


W. R. Engstrom, e president of The 
Austin ! since 1943 and di- 


Vs projects for 


Ate nergy Commission since 
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SOLID STATE PHYSICS 


Cryogenic 

@ Nuclear resonance experiments 

Superconductivity 

Resistance minima in metals at low temperatures 

Second-sound in liquid Helium Il 

Thermal conductivity and specific heat of solids 

Phase changes of the second order 

. are a few of the studies utilizing the ADL Collins Helium Cryo- 

stat — a complete installation providing 4 liters of liquid helium per 
hour and capable of maintaining test chamber temperature from 
ambient to — 271°C. 


Magnetic 
@ Magnetic susceptibility of metals and alloys 
@ Paramagnetic resonance experiments 
@ Magnetic properties of many materials 
® Solidification and crystallization studies 
. are examples of work aided by the ADL Electromagnet. Vari- 
able air gap, interchangeable pole pieces (up to 11” in diameter) and 
fields of over 40,000 gauss with only 20 KW power input, add up 
to a remarkably versatile electromagnet 
for a wide variety of research projects. 
Write for 
Bulletin NC-4, Collins Helium Cryostat 
Bulletin NM-3, ADL Electromagnet 


we 
ARTHUR D. LITTLE, INC. 
Mechanical D 


30 MEMORIAL DRIVE, CAMBRIDGE, MASS. 


RESEARCH . TECHNICAL ECONOMICS ENGINEERING . ADVANCED EQUIPMENT 














High Efficiency 


SCINTILLATION COUNTER 


Over 35% Efficiency with CO © 
Compare Our 


EFFICIENCY - SIMPLICITY - PRICE 


aa 
AN A large single Sodium lodide 


Thallium crystal permanently 
mounted in a lucite cap— 
optically coupled to an RCA 
5819 Photomultiplier Tube. 
New circuitry allows direct con- 
nection between the 6 foot cable 
and your scaler or ratemeter. 


No Additional Circuitry Necessary 


COMPLETE $175.00 
Write for BULLETIN SC — 203 














SCOPE DOLLY 
Model 1 
Convenient Height and Viewing Angle 
Adjustable to Hold Portable Scopes 
Ball Bearing Swivel Rubber Tired Casters 
Lightweight Aluminum Construction 
Recommended by Laboratories Wherever Used 


$35.00 FOB Lovisville, Ky 


Formerly manufactured by UNIQUE DEVICES 
Now manufactured and sold by 


TECHNICAL SERVICE CORPORATION 


3116 Michigan Drive Louisville 5, Kentucky 














Moving? 

If you are moving (or have moved), tell us about 
it, won't you? Your copies of NUCLEONICS will 
not follow you unless we have your new address 
immediately. Make sure you don’t miss a single 
important issue . . . and help us make the cor- 
rection as speedily as possible by giving us your 
old address, to 


NUCLEONICS 


Circulation Dept. 
330 W. 42nd St. New York 36, N. Y. 








1948, is returning to Seattle as vice 
president and manager of the com- 
pany’s Pacific Northwest District. 
Edmund J. Goodhart, who served as 
Austin’s general superintendent unde: 
Mr. Engstrom during construction of 
the new AEC facility at Rocky Flats 
Colo., has been given additional re- 
sponsibilities there as assistant project 
manager. Mr. Engstrom will con- 
tinue to supervise AEC work for the 
company. 


Wilfred Mann recently was named to 
head the radioactivity section of the 
Atomic and Radiation Physies Division 
of the National Bureau of Standards 


Guy W. Thaxton has joined the staff 
of the Atomic Energy Commission's 
Division of Construction and Supply 
\s power engineer, he will be respon- 
sible for staff coordination of all mat- 
ters pertaining to power supply for 
AEC operations He comes to AEC 
from the Defense Electric Power 
Administration 

Lauriston C. Marshall, professor of 
electrical engineering at the University 
of California and head of the uni- 
versity’s Microwave Laboratory, has 
ieccepted appointment as director of the 
Link-Belt Company’s new Physica 
Testing and Research Laboratory at 
Indianapolis. Dr. Marshall will take 
»ver his new duties with Link-Belt as 
soon as he can be released from his 
present commitments which inelude 
nuclear research projects being carried 
out at the University of California’s 
Radiation Laboratory 

Keith H. Johnson hus been appointed 
issistant to the president of Radiation 
Counter Laboratories, Inc., Skokie, Ill 
He was formerly supervisor of the 


company’s counter department. 


D. L. Collins, technical director of the 
Victoreen Instrument Company, is 
taking on additional duties with the 
company and has been appointed head 
of the components division. F. W. 
Reuter has been named chief engineer 


of the division. 


Farrington Daniels, professor of chem- 
istry at the University of Wisconsin 
and member of the AEC’s Advisory 
Committee on Chemistry, has been 
chosen president-elect of the American 
Chemical Society Dr Daniels, in 
1945-46, directed the work of the 
Metallurgical Laboratory at the Uni- 
versity of Chicago, where much of the 
research for the Manhattan Project 
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From a Single Dependable Source — A Complete Line of 


URE MOMTTINTN X-RAY ACCESSORIES ans PROTECTION faut 


served as chairman of the board of 
governors of Argonne National Labora- 
tory He will head the ACS in 1953. 


SENSITOMETRIC 
TANK UNIT 


George B. Pegram, vice president of 
Columbia University and one of this 
country’s pioneers in the development 
of atomic energy, has been elected 
president of the New York Academy 
f Sciences. Columbia’s dean of engi- 
neering, John R. Dunning, was elected 
to a vice presidency in the Academy. 





Allen V. Astin has been appointed act- 
ing director of the National Bureau of 
Standards to succeed E. U. Condon who 
resigned the post early last year. Dr. 





Astin, who was associated with the 
wartime development of the proximity 
fuse, has been serving as associate 


director of NBS 


NECROLOGY 


Malcolm M. Haring (January 1, 1952) 
Director of the Mound Laboratory of 
the Monsanto Chemical Company, 
Dr. Haring die the age of 57 in 
Dayton, Ohio joined Monsanto 


\ 


Bar-Ray engineers are regularly called upon to 


in 1944 on leave as research chemist design and fabricate x-ray film processing tanks 
rsity of Maryland 
professor of physical 


1923. Consultant to 


to meet varying conditions and requirements. Such 
a tank is shown below. One was made for the 


' Public Health Service in Washington, another for 
rgy Commission, he 


Stank the National Bureau of Standards. 
Franklin and Mar- 





weton University and This tank incorporates motor driven agitators 
From = 1936 and pumps, heating elements and cooling connec- 
iate editor of tions. It was designed to maintain a temperature 


cal Education. of better than plus or minus .01° Fahrenheit 

1948 to direct work 

ratory, center of 

Monsanto’s atomic research located in 
Miamisbur hio isotope fume hood or a matter of radiation protec- 


change. 


Whether your problem be a special tank, an 


tion, we invite your inquiries. They will receive 
MEETINGS prompt and intelligent attention. 
. . ~ SOLD THROUGH YOUR DEALER 
nstitute of Rad ngineers itional Con- 
t rf- ria Hotel, New i W rite for new illustrated catalog 
Spotroneo Wala BAR-RAY PRODUCTS, | 
nana” | Me : y URC. 
of Corrosion Snail 209 25th ST., BROOKLYN 32, N. Y. « PHONE: SOuth 8-1022 


Conference and 


eS Galveston Stainless Stee! Processing Systems Film Transfer Cabinets 


| Engineers 


Seattle 


Zist National 
Ma 23-27 

Apr. 3 

n Chemistry, spon- 
Societ y— Univer- 


sity at Leeds, England, Apr. 8-10 
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Thermostatic Valve Assemblies 
Isotope Fume Hoods and Labs 
lead Lined Chests and Safes 


lead Protective Screens 
Lightproof Shades 
Lead Insulated Doors 





PRODUCTS ann MATERIALS 


Pulse Generator 
Spencer-Kennedy Laboratories, Inc., 
186 Massachusetts Ave., Cambridge 
39, Mass. The model 503 


pulse generator produces a rectangular 


last-rise 


pulse that f less than 


Proportional Counter 


Nuclear Measurements Corp., 3339 
Central Ave., Indianapolis 5, Ind. 
The model PC-3 a8. inter has 
sca fx 0. 100 1 1.000 
indan I t te of 1.000,- 
OOO 

but : 


18 


78 


5 eph, beta background is about 2 epm 


per em? of chamber. Results are 
displayed on a six-digit register Ar 
automatic pre-set interval timer and 
an automatic gas-purge cycle are built 
in The 


accepts 


vwose chambe 


multiple pury 
samples up to 2!'4 in 

diameter > several exchangeable special- 
purpose chambers are also avallable 
regulated high-voltage suppl 


750-2500 


le in the range 


Mercury Trap 


Chemiquip Co., 6 E. 97th St., New York 
mn. 1. F 


trap mercury 


device is designe: 


blown from manometers 
and to achieve equilibrium readings ir 
10 sec It also dampens surges and 
pulsations, filters actuating media, and 
prevents loss of 


mercury at normal 


operating pressures. Containers that 
hold 100 em’ and 125 em 


For differential man 


are available 
ometers, installa 
tion is made at both ends; for absolute 
installation is made at the 


manometers, 


Of} en end 











Valve Seal 


Rodic Chemical and Rubber Corp., 
Allen Ave., New Brunswick,N. J.T! 

one-shaped seal closes in the same 
direction as the movement of the 
quid The ™ il Is ICR 

g to the manufacturer 


is not delormed 


water 


Cals 


Respirator 
Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade Sts., Pitts 
burgh 8, Pa. This 


filter efficiency of 99.99% against 


respirator has 


articles O.3u in size, according to the 





veturer It has 
otect 


manul 
to pl 
pl 


been designed 
personnel against oxides of 
vilium, radioactive dusts, and simi- 
ir airborne particulate materials. 
The fac epiece affords a quick, gas-tight 


fit regardless of facial shape or size. 


Beakers 

Atomlab, Inc., 489 Fifth Ave., New 

York 17, N. Y. The 

DeaAKe! lef capacity of 10 
and l hh Pyrex A ( \l 


n the center for 


blood-plasma 


tube can 


ounting small lumes of low-activity 
sumples ibsorption is an 
portant tacto The Marinelli liq- 
right) has a capac- 

\I tube can be 


or radioassay 


Pulse Transformers 


PCA Electronics, Inc., 6368 DeLongpre 

Ave., Hollywood 28, Calif. Thies 

iture pulse transformers have t 

0.2 usee to over 
DloOcKINE Os¢ 

Standard 


100 ke to 


Trequeney 
0 Ma 


to higher o1 


response 
which can be 


ower frequency 
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Two, three and four 


with and without center 
le The rise time is 


ith a minimum ot 


Mercury 


Bethlehem Apparatus Co., Inc., Front 
and Depot Sts., Hellertown, Pa. 
\ercu f instruments that 
ot accuracy 1s 
vith a flexible 
rs the 

the instruments; 
is thus 


mer- 


sin the air 


Portable Oven 


Grieve-Hendry Co., Inc., 
Paulina St., Chicago 22, Ill. 


rp en 1s 


1101 N. 
The 
thermostatically 
Ss adjustable 

has S drawers 
that permit 


ils at the 
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Beta Gage 


Tracerlab, Inc., 130 High St., Boston 
10, Mass. The model BG ibsort 

tion beta gage can measure the thick 
ness of materials weighing up to about 
H00 


mg/em-. The gaging init 
15 


sean a sheet up to lo in. i 
Accuracy of the measurement is 
is claimed. The source used 
a solenoid-controlled safety s! 
and a warning 


shutter is 


shields the source 
the 
The 20-ya, 6-in. meter can be ca 


indicates when 
to meet the needs of the insta 
Standardization is carried out 


ally A 
available It 


backscatter gage 
Can measure 


ness of materials weight 


mg cm wccuracy Is sule 


G-M Tube Shield 


Nuclear Instrument 
Corp., 229 W. Erie St., Chicago 10, 


The model 3030A shield is arranged 


and Chemical 
Hl. 
mounting i Yiiss-s 


tube | 


de-window G-M 


onizontally 


being shielded by 24g in. of 
The shield hold 
holders that are 1, 114, 149, or 134 in. 


issembly 


iron, can sample 


in diameter. By varying the sample 


distance, geometries of 5, 5.9, 7.6, and 


9.5% may be used. Aluminum-foil 


ibsorbers less than '¢ in. in thickness 


can be inserted 


pH Meter 


North American Philips Co., Inc., Re- 
search and Control Instruments Divi- 
sion, 750 S. Fulton Ave., Mount Vernon, 
N. Y. This instrument is designed for 
all pH work titra- 
tions, oxidation-reduction 
investigations. The 
is 0-14.15 pu and 
said to be 
The 


use with glass 


for potentiometric 
and for 
potential range 
of measurement 
O-1,415 my 
0.01 pH or 0.5 my 
calibrated for 


aecuracy Is 
device is 
directly 
quinhydrone and hydrogen electrodes 
t can also be used with platina eles 
trodes. Controls are provided which 
correct for temperature variations and 


The ‘ hem 


cal cabinet contains four electrodes, a 


for asymmetric potentials 


selection of glassware, a O-50° ( 


th KCl, and 


quinhyvdrone 


ermomete! 


tablets for buffer solutions 


Sweep Generator 


Radio Corporation of America, RCA 
Victor Division, Harrison, N. J. The 
models WR-40A and WR-41A sweep 

ive continuous tun 


719 








Methods for the 
generation of 
fluorine 
and 
fluorocarbon 
preparation 














The Manhattan 
Project’s Vital 

Findings on 
Fluorocarbons 
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Just published 
Preparation, Properties, 
and Technology of 
Fluorine and Organic 


Fluoro Compounds 


Fditor: CHARLES SLESSER, D t D 
k I . ) " . 


Is 
Editor: STI 
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U.S \ I 


ART R 


SCHRAM, ¢ t D 
D Ss bot 


National Nuclear Ener 
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s growing 
Manhattan 


Each of # 


segment of the 
tk iniform 
throughout 


eterence 


S Associate 


from 470 to S9O Me Sweep widt! 


continuously variable from 0 to 45 
Me, with an amplitude variation of 


0.1 db per Me 


level of the sweep osc illator is 0.5 volt 


The maximum output 


across a 50-ohm load Loads of 


or 300 
Amplitudes of sweep output 


ohms may also be matched 


response 
varied 


input, and marker pips, may be 


The WR-40A 


calibrator and Varia 


built-in crysta 
I 


has «a 
He-Trequen 


marker oscillator 


Computer 

Computer Research Corp. 3348 W. El 
Segundo Blvd., Hawthorne, Calif. 
Shown the magnetic-drum 
odel CRC 102 genera 


This 


above is 
memory of the m 
purpose drum <¢ 
1,025 


computer 
store wort 
42 binary or 14 

The comp 


instructions 


handled 
own 
information it 
many binary 
Phe 


ype 


nstrum 
of 
problem in 

ve expressed in form 


is simultaneous algebrai equat 
matrix algebra problems ordinar 
partial differential equations, and ¢ 


tie hyperbolic or integral equatior 


Timing Relay 

Thomas A. Edison, Inc., 
29 Lakeside Ave., 
The model 


Instrument 
West 


207 mu 


Division, 
Orange, N. J. 
ture therma 
obtained wit! 


5-120 


18 compensated 
60° to +85 


at 2.5 ampere 


amperes at 


Thyratron 
Sheldon Electric Co., 68-98 Coit St., 
11, N. J. The MT-1530 


thyratron is designed to con- 


Irvington 
mercury 
trol high d-c voltages, and can be built 
as a negative or positive control tube 
Its peak anode voltage is 15,000 volts 
The 5.0-volt, 30- 


ampere cathode is completely shielded 


forward or reverse 


The average plate current is 15 am- 
peres, with a peak of 100 amperes; the 
tube will take a 1,500-ampere surge 
that 


SEC Tubes of this ty pe, built to meet 


has a maximum duration of 0.1 


specific requirements, can also be 


obtained 


LITERATURE AVAILABLE 


Surveying. Booklet describes 


geo- 
portable G-M 
and Radiological 


Rd 


surveying with 
V ucleoni 
Ltd 
London, S. W. 3 


yWEIC a 
ounters 
Developments King’s 
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STONE PRODUCTS 





SHIPYARD 


“TODAY. 
Were ” ih the steel business / 


PUBLIC WORKS GLECTRICAL GOODS 


tiki GMD, 


MADE OF STEEL... 


GLASS SHIPPING RESTAURANT PAUNICIPAL PRINTER 


‘Mh Re ate GER A, 


TANNERY INSTITUTION LAUNDRY PACKAGING CHEMICALS 


FOR EACH OF US TO GET MORE STEEL...AND PRODUCTS 


WE'VE GOT TO PROVIDE MORE SCRAP TO MAKE THE STEEL. 


Half the melting stock used in the 
steel mill or iron foundry consists of 
iron and steel scrap. In normal times, 
enough scrap is produced by the mills, 
foundries, railroads, fabricators and 
scrap dealers to fill the need. 

But now the mills have stepped up 
capacity to meet the greatly increased 
military and civilian demands for steel. 
And that increased capacity has out- 
stepped the supply of scrap. 

That is why we are calling on plants 
in both metal-working and NON. 
METAL-WORKING industries to pro- 
vide the needed scrap NOW. 


You have the heavy scrap 
needed to make more steel 
Enough obsolete machinery, equip- 


ment and parts are being carried as 
useless inventory to give a big push to 


the production of steel. Surveys have 
proved this. 

The trick is to get that old steel into 
the hands of the steel producers. 

We're putting that job up to you. 

To help maintain steel production... 
provide more steel for the equipment 
you want... turn in your idle iron 
and steel to your local scrap dealer. 


What you can do to help 
maintain steel production 


1. Appoint one top official in your plant 
to take full responsibility for surveying 
the plant and getting out the scrap. 


2. Consult with your local Scrap Mo- 
bilization Committee about its program 
to help out in the scrap crisis. For 
chairman’s name, check with your 
Chamber of Commerce, or the nearest 


This advertisement is a contribution, in the national interest, by 


office of the National Production Au- 
thority, Department of Commerce. 


3. Call in your local scrap dealer to 
help you work out a practical scrapping 
program. Non-ferrous scrap is needed, 
too. 


4. Write for free booklet, “Top Man- 
agement: Your Program For Emer- 
gency Scrap Recovery”’, addressing Ad- 
vertising Council, 25 W. 45 St., New 


York 19, N. Y. 


McGRAW-HILL PUBLISHING COMPANY, INC. 


330 WEST 42nd STREET, NEW YORK 36, 
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to a predeter- | useful than ever, Leitz now offers ao combination 
pints ora the monocular-binocular tube which enables you to 
photograph the microscope image without 
NEWELL, M.D changing tubes. You change instantly from 
Vedicine microscopic observation to photomicrography 
California All the features needed for easier, 
less tiring observation: 
Built-in illumination system for 
transmitted or incident light 
Berek double-diaphragm condenser 
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CHEMISTS 


NORTH AMERICAN 
AVIATION, INC. 


Has positions open for Senior 
Chemists with experience in 
RADIO CHEMISTRY 
RADIATION CHEMISTRY 
NUCLEAR SEPARATION 
PROCESSES 
in its 
ATOMIC ENERGY 
RESEARCH DEPT 


This Work is by Direct Contract 
with 
REACTOR DIVISION 
ATOMIC ENERGY 
COMMISSION 


professional oppor- 
, 

working with a 

ntific group 

I and 

field 


Technology 


WRITE NOW 


r resume of education, 


1 
rience, ind WOrTK 


preference 


PECHNICAL PERSONNEI 
SECTION 
AEROPHYSICS 
AND ATOMIC ENERGY 
RESEARCH DIVISION 


NORTH AMERICAN 
AVIATION, INC. 
12214 Lakewood Blvd. 


Downey, California 
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HOW TO 


SOLUBILIZE ° O 


RADIOACTIVE PARTICLES 


© remove radio- 

to solubilize the 

t away with large 

Another is to remove the 
n. Neither method is 


1 sodium salt of ethylene 
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BERSWORTH CHEMICAL CO. 
FRAMINGHAM, MASS. 
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HI-D* LEAD GLASS WINDOWS 

for use in steel and lead walls 
Ceriba* BARIUM GLASS WINDOWS 

for use in concrete walls 

*Trademarks 

PENBERTHY INSTRUMENT CO 
666-8 Adams St Seattle 8,Wn. *® 
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RADIATION COUNTER LABORATORIES, INC. 


5122 West Grove St., Dept, N-2 Skokie, Ilinois 
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Radioactive Chemicals 


NUCLEAR radioactive chemicals, now available to 
A.E.C.— authorized users, represent another step 
toward the NUCLEAR aim of complete service in 
nucleonics for science and industry. As the only 
commercial producer of biosynthetically labeled com- 
pounds, NUCLEAR is prepared to fill the needs of 
those experimenting or contemplating work in this 
vast new research field. 


BIOSYNTHESIZED C'* LABELED COMPOUNDS 
NOW AVAILABLE FROM STOCK 


Glucose @ Sucrose @ Fructose 
Characteristics: 
e Chemically pure 
e Uniformly labeled with C™ 
e Specific activity: 
Normally, 0.5 microcuries/milligram 
(Higher specific activities by special request) 
Nuclear is also making chemically 
synthesized compounds such as 
carboxyl labeled Sodium Acetate 
— other special compounds to be 
announced. Write to NUCLEAR for 
details on radioactive compounds. 


Complete service 
for both new and 
established labora- 
tories—help on iso- 
tope procurement, 
authorizations, lab- 
oratory layout, and 
equipment facilities. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 


235 West Erie St. © Chicago 10, Illinois * Cable Address: Arlab, New York 


®@ Scaling Units for Every Type of Radiation Counting ® Glass Wall, Mica Window, and Windowiless Counters 
@ Complete “Packaged” Counting Systems @ Portable Count Rate Meters 
@ Health Monitoring Instruments for Personne! P: i @ Rodi ive Chemical 

© Complete Line of Accessories for the Nuclear Laboratory 





nuclear “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 





